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PRixcirAL Divisions of Geologic Time «

(A glossary of geologic terms is given on pp. 199-203.1

Era. Period- Epoch. Characteristic life.

Duration, accord
ing to various
estimates.

Cenozoic (re-

cent life).

Quaternary.

Tertiary.

Mesozoic (in-

termediate
life).

Cretaceous.

Jurassic

Recent.
Pleistocene
(Great
Ice Age).

"Age of man." Animals and plants of

modem types.

Millions of years,

Pliocene.
Miocene.
Oligocene
Eocene.

"Age of mammals." Possible first appear-

ance of man. Rise and development of

highest orders of plants.

Q>)

Q>)

Triassic Q>)

Carbonifer-
ous.

Permian.

"Ago of reptiles." Rise and culmination
of huge land reptiles (dinosaurs), of shell-

fish with complexly partitioned coiled

shells (ammonites), and of great flymr
reptiles. Pirst appearance (in Jurassic

of birds and mammals; of cycads, an
order of palmlike plants (in Triassic);

and of aiigiospermous plants, among
which are palms and hardwood trees

(in Cretaceous).

Pennsylva-
nian.

Missi s s i p
pian.

" Age of amphibians." Dominance of club

mosses (lycopods) and plants of horsetail

and fern types. Primitive flowering

plants and earliest oone-bcaring trees.

Peginnings of backboned land animals

(land vcTtcbrates). Insects. Animals
with nautilus-like coiled shells (ammon-.
ites) and sharks abundant.

Paleozoic
(old life).

Devonian. Q^)

Silurian.

ClAgo of fishes." Shellfish (mollusks) also

abundant. Rise of amphibians and land

plants.

(«>)

Shell-forming sea animals dominant, espe-

cially those related to the nautilus (ceph-

alopods). Rise and culmination of the

marine animals sometimes known as sea

lilies (crmoids) and of giant scorpion-

like crustaceans (eurypterids). Rise of

fishes and of reef-buildmg corals.

Ordovician. (^)

Shell-forming sea animals, especially ceph-

alopods and mollusk-Uke brachiopods,

abundant. Culmination of the buglikc

marine crustaceans known as trilobites.

First tm,ce of insect life.

Cambrian

P r o t erozoic
(primordial
life).

(^)

rHobites and brachiopods most charac-

teristic animals. Seaweeds (algae) abun
dant. No trace of land animals found.

Algonkian (»)

Archean.

First life that has left distinct record.

Crustaceans, brachiopods, and seaweeds.

lto5.

4 to 10.

17 to 25

Crystalline
rocks.

No fossils found 50+.

a The geologic record consists mainly of sedimentary beds-beds deposited in water. <^v^^i^yg?.^"*^

long periods of uplift and erosion inter^-ened between periods of deposition. Every syeh mteirupt^^^^^

de^yition in any area produces there what geo ogists term an unconformity. Many of the
^"^^^^^\f^",^sh5^ above are separated by such unconformities-that ls, the dividmg lines in the table represent local

or widespread uplifts or depressions of the earth's surface. ^

6 Fnn^^h names omitted: in less common use than those given.
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PREFACE.

By Geokge Otis S^nxn.

The United States of America comprise an area so vast in extent
and so diverse in natural features as well as in cKaracters due to
human agency that the American citizen whoi knows thorouc^ldy his

country

first
To

tion the railroad traveler uccJs to have his eyes directed toward The
jmportant or essential things within hi

to have much that he sees explained by what is unseen hi the swift
passage of the tram. ^ "• ^ manv
are mexphcable except as the story of the past is available to enable
him to interpret thp nro«Anf TT£>t.,m,t i;^ +t,^ „^i,.. .„ i ii .

hi
charm

^... ^x^o^x^u oi^xiiiuiub giveu Lo travel m tne home country will
cucourago many thousands of .Vmcricans to study geography at first
hand. To make this study most profitable the traveler needs a
handbook that wdll answer the questions that come to his min d so
readily along the way. Furthermore, the aim of such a guide should
be to stunulate the eye in the selection of the essentials in the scene
that so rapidly unfolds itself in the crossing of the contmcnt In
recognition of the opportunity aflfordcd in 1915 to render service
of this kind to an unusually large number of American citizens, as well
as to visitors from other countries, the United States Geolocrical
Survey has prepared a series of guidebooks ^ covering four of'' the
older raiboad routes west of the ^lississippi.

These books are educational in purpose, but the method adopted is
to entertain the traveler by making more mteresting what he sees from

'Window. The
infor enable the reader to reahze adequately the

with

with

Guidebook of the western United States: Part A. The Xorthern Pacific Route,

^Mth a side trip to the Grand Canyon of the Colorado (Bulletin 613); Part D The
bhasta Route and Coast Line (Bulletin 614).
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4 GUIDEBOOK OF THE WESTERN UNITED STATES.

scenic and material resources of the region lie is traversing, to com-

prehend correctly the basis of its development, and above all to

appreciate keenly the real value of the country he looks out upon,

not as so many square miles of ten-itory represented on the map in a

railroad folder by meaningless spaces, but rather as land—real estate,

if you please—varying widely in present appearance because differing

largely in its history, and characterized by even greater variation in

m.ay be such

possessmg One region

another may present opportunity for intensive agriculture; still

may contain hidden stores of mineral wealth that may

attract large'^industrial development; and, taken together, these varied

resources afford the promise of long-continued prosperity for this or

that State.

civic development

epochs in the record of discovery and settlement may be interspersed

statements

history. tory of the We
chapter should be told in order to meet fully the needs of the tourist

aims To such a traveler-reader

this series of guidebooks is addressed.

To this interpretation of our own country the United States

Geological Survey brings the accumulated data of decades of pioneer-

ing investigation, and the present contribution is only one type of

return to the pubhc which has supported this scientific work under

Government
country

the Northern Pacific Eoute the geographic and geologic information

already published as well as unpubhshed material in the possession

pplement

material Mr. Campbell made a field examination of t'

in 1914. Information has been furnished by others, to whom credit

is given in the text. Cooperation has been rendered by the United

Reclamation
mb

cooperated in the work. For the purpose of furnisliing the traveler

accom

deeree

cy probably never before attained in a guidebc

emcnt has been planned to meet the convenience
maps

of the route were made by J. G. Staack, C. L. Sadler, J. L. Lewis,

N. E. Balhner, and W



Guidebook of the Western United States.

PART A. the northern PACIFIC ROUTE, WITH A SIDE
TRIP TO YELLOWSTONE PARK.

By MaPvIus R. Campbell and others.

INTRODUCTION.

If his journey to the Pacific coast begins at one of the great cities
on the Atlantic seaboard, the traveler, when he reaches St. Paul, the
eastern termmus of the Northern Pacific Railway, wiU have gone
nearly halfway across North America. He will have traversed or
perhaps gone around the Appalachian Mountain region and thentit 9 m f-^ . ^ -*-— * __ ^

themselves an empire.

m w^ealth and population, form

boundary between the

will

vague and undefined

West. On leavuig;

mterspersed with forests of pine
and within a short distance these prairies give place to the vast tree-
less plains w-hich, stretching a thousand miles west of the Mississippi,

almo

rainfall diminishes in the same direction from
only liaH that amount in

more
that he has habitually associated with the West. Prau-ie dogs an(
jack rabbits are seen; one by one the flowers and shrubs of the Mis
sissippi Valley disappear and are replaced by those of a semiaric
country; trees grow only on the moist bottom lands along the streams
nitensive cultivation is possible only in the valleys, though the up
lands are bemg brought into use by dry farming and are yieldmc
fair crops of the more hardy grains.

Throughout much of the region traversed the face of the country
lias been greatly modified by the vast ice sheets of the glacial period
which covered the northern nart of the rontinftnt and left ininiensf

mateiial on the surface of hard rock in

5



6 GUIDEBOOK

part of the United Stiites. The history and the phenomena of this

glaciation are considered in detail at several places in this hook.

The general features of the country west of the Mississippi are

represented on Phite I. When, after crossing the Great Plains, the

traveler reaches the foothills of the Rocky Mountains he will have
attained a height of 4,000 feet above the sea, a height reached by few
peaks in the Eastern States outside of the Adirondacks and the White
Mountains. The Eocky Mountams form a great, irregular, rough-
hewn "backbone'' for the continent. They comprise many groups
of ranges, in which some peaks in Montana and Idaho reach a height

of 12,000 feet above sea level and some in Colorado rise more than

14,000 feet.

The western mountains, like the eastern, are the worn remnants of

upward folds or crumples or of upheaved bloclvs of the fractured

earth crust, but, unlike the eastern mountains, which are geologically

old, the western momitains are geologically very young. They are

therefore higher, for since they were uplifted there has not been time

for ice, rain, heat, frost, and wmd to wear them down to lower levels.

West of the Rocky Mountams hes a broad interior basm, in the

northern part of which, A\'ith its inclosing mountains, there is sufficient

rain and snow to maintain the flow of the great Columbia River;

but in the southern part, in what is known as the Great Basin, the

mountain streams find no outlets to the sea, their watere, so precious

for irrigation, being soon lost in the thirsty lowlands, and the feeble

or intermittent rivers of the valleys carry their waters down to be
evaporated in alkali marshes or on saline deserts.

The part of the Colmnbia River basin or plateau that is traversed

the Northern Pacific Railway is made up of luva flows, among
the greatest in the world, wliich m comparatively recejit geologic

time spread like a fiery flood over hundreds of thousands of square

miles; and a wide expanse of hard, dark volcanic rocks, whose sur-

face is here and there cut deeply by streams, shows the enormous
extent and volume of these eruptions. The part of this old lava

plain that is crossed by Columbia River is the most arid region trav-

ersed by tliis route. The precipitation in this region is sometimes
not more than 6 inches annually, but despite the small rainfall

the uplands have become the great wheat-raising country of the

Xorthwest.

feature

interior basin from the reofion

of Puget Sound. This range is a broad upland that stands from

continue

md here the evidences of volcanic activity

On the flanks of the rar

ainier, Moimt Adams, £____ ^

anoes, pourmer forth streams of lava and

J
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THE :noetheen pacific boute. 7

showers of rock fragments. Of tliese groat conical masses, built up
by successive lava flows and by the accumulation of rock fragments

blo^\al from the craters, the highest is Mount Rainier, towering 14,408

feet above Puget Sound, from which it presents a magnificent spec-

tacle, its upper slopes covered by great streams of moving ice, the

largest glaciers in the United States south of Alaska.

On emerging from the Cascades the traveler enters a broad lowland,

which is separated from the Pacific Ocean by the Olympic ^fountains,

but which contains Puget Sound with its many branching waterways,

one of the most remarkable bodies of salt water on the dobc.

Note.—For the convenience of the traveler the sheets of the route map in this

bulletin are so arranged that he can tmfold them one by one and keep each one in

view while he is reading the text relating to it. A reference is made in the text to

each sheet at the place where it should be so unfolded, and the areas covered by the

sheets are shown on Plate I. A list of these sheets and of other ilhistrations, showini:

where each one is placed in the book, is given on pages 205-207, A glossary of

geologic terms is given on pages 199-203 and an index of stations on pages 209-212.



ITINERARY.

The traveler who is inter

country—a history that read

in the geologic history of this

ck into the dim and mistv Dast.

time long before Father Hennepin jSrst

Anthony and the Mi
his attention about St.

fuid

Mimi japolis. If he has only a
few hours at his disposal he can easily obtain a general view of the
valley of the Mississippi and the rocks composing its bluffs from the
Robert or Wabasha Street Bridge in St. Paul; both of which arc

within a few minutes' walk of the Union Station. If he chooses the

Wabasha Street Bridge^ which in some respects affords a better

vieW; he will see that the Mississippi is flowmg in a broad valley

from 100 to 200 feet deep. In some places the walls of the valley

composed of sohd rock, but m others they are m
ma
masses As the

valley has been cut in the hard rock by the river, it is a record of

climatic

which the carving was done. Not only are the recent events of geo-

much
earlier events in the history of the globe have left a record in the solid

rock itself—a record that, when correctly read, tells of the presence
of a sea in which limy muds were accumulating or along the shore
of which sand was washed back and forth by the waves or drifted

wind more or less familiar

the history of Minnesota during the last 250 years, or since the white
man first visited the region, but few know anything of the far more
ancient historv recorded in the rocks and iu thp* hilk nnrl Trnllo^-a r.f

the region,

before mau
It is to this ancient history, dealing with the time

adcr's attention is now invited.

The bluff upon which the W
sed almost entirelv of whit^ sa

very old, but despite its great age is so soft that it can be crushed in
the hand.

great underground

Stream _ „ ^ _

caves in the soft sand along the river front directly below the bridge.

and
shown

amed
forma

8



THE NORTHEKX PACTFIC ROUTE. 9

Jonathan Carver^ in describing his journey to this region in 1766,

mentions a large cave in the St. Peter sandstone about 30 miles

below the Falls of St. Anthony, a cave called by the Indians the

''Dwelling of the Great Spirit." In this cave they hebl religious

ceremonies, and near it they buried their dead. \Micn the sandstone

is examined under a magnifj'ing glass it is found to l)c composed of

beautifully white translucent grains of quartz, resembhng rock

candv except that the fragments are round instead of angular.

The even lines of beddhig, which can bo seen from either of the

bridges mentioned, show that the sand must have been laid down in

water, but the forms of the individual grains show with equal cer-

tainty that the sand before it was washed into the ocean and deposited

along the shore was blown about by the wind and perhaps heapi^d

into large dunes, such as are now seen around the hcnd of Lake

Michigan south of Chicago.

The St. Peter sandstone, on accoimt of its purity, is well adapted

to glass making and in many places it is used for that purpose. It

extends from St. Paul southward as far as central Arkansas and east-

ward as far as Detroit, and probably once extended much farther

north, but in that direction it has been eroded—worn away by frost,

rains, and streams—until all trace of it is lost. On account of its

wide distribution and the purity of the materials that compose it,

this deposit of sand is one of the most remarkable in the world.

Above this sandstone, if stone it may be called, hes a thin-bedded

limestone known as the PlatteviUe, which can be seen at the entrance

to the Wabasha Street Bridge and which was formerly used about
r

the ^Hwin cities'^ for building material. The stone occurs, however,

in thin layers and does not stand the weather well, so that very

names are printed. The place of each of the larger units of rock or of time (as Cam-

brian, Ordovician) in the general geologic column is shown in the ta1>le on page 2.

Ordovician:
Thickness

in feet.

Galena limestone (exposed) 15

Decorah ehale (exposed) 60

PlatteviUe limestone (exposed) • 30 .

St. Peter sandstone (exposed) 1^0

Shakopee dolomite CO

Oneota dolomite 100
. 415

Cambrian:

Jordan sandstone 75

St. Lawrence formation - - 100

Franconia sandstone, Dresbach sandstone, and under-

lying rocks - . - - 500
675

Red clastic series (Algonkian?)
Granite.

1,125

2,215



10 GUIDEBOOK OF THE WESTERN UNITED STATES.

little of it is now used. lin contains here und there
fossil sea shells, which show clearly that the sandy shore of the St.

finally The shells of
the animals that inhabited this sea sank to the bottom when the
animals died and were buried in the limy mud that later became
hardened into hmestone, which preserved not only the shells but all

the beautiful ornamentation on their surfaces.

If the traveler can spend a day or two hero instead of a few liours,
he may take many pleasant rides by trolley or automobile into the
surrounding country to places of historic and scenic interest. Whether
his Tisit is one of business or one of pleasure, he should not fail to
see old Fort Snelling and the Falls of Minnehaha. Fort Snelling
stands on the grc^n, tree-shaded bluffs that overlook the peaceful
valley of the Mississippi, and it is hard to realize that when it was

^ !^ * # ^ ^ ^

made

country.

Mississippi

time anyone dreamed
site would rise such cities as St. Paul and Minneapolis. In the
early days Fort Snelling was the starting point of several militaiy
expeditions that were sent out to explore the great Northwest.
The Falls of Minnehaha, which are about 2J miles farther north

offer none of the sinister suggestions of war that still hnger round
the fort; on the contrary, they have an atmosphere of love and
romance, and the journey of Hiawatha and Minnehaha, as related

Longfello T

falls. (See PI. II.)

commemorated by a bronze group

^ Soon after the acquisition from France

of Louisiana, which inchided most of the

territory west of Mississippi River, Lieut,

Z. M. Pike waa commissioned by Presi-

dent Jefferson to explore the new terri-

tory and to find the source of the river.

When Pike reached the mouth of St.

Peter (now Jrinnesota) River, in 1805, he
recognized the strategic importance of

the point for military purposes and pro-

cured from the Indians title for the Gov-
ernment to the land from the mouth of

St. Peter River to and including the
Falls of St, Anthony. In his report on
the explorations he recommended that a
fort be established on tlie bluff between

ilississipp Nothing
•mm

ruary 10, 1819, when John C. Calhoun,
Secretary of War, ordered the Fifth In-
fantry, under Col. Henry Leavenworth,

to establish headquarters at this place.
Col. Leavenworth reached the mouth of

St. Peter River on September 24 of the
same year, but instead of ocoupjdng the
bluff recommended by Pike he camped
across the river, where the village of
Mendota now stands. In 1820 Col.
Leavenworth was relieved by Col. Josiah
Snelling, who determined to build a per-
manent post on the spot originally se-

lected by Pike. The comer stone is sup-
posed to have been laid on September 10,

1820, and the post was occxipied by the
troops in 1822. The fort was originally

called St. Anthony, but the name was
changed to Snelling at the recommenda-
tion of Gen. Winfield Scott, who -visited

it while on a tour of inspection in 1824.

Fort Snelling has been continuously oc-

cupied as a military post from 1822 to the
present time.



U. S. GEOLOGtCAL SURVEY BULLETIN 611 PLATE II

Height of fall, 54 feet.

MINNEHAHA, "LAUGHING WATER."

Water tumbles over St. Peter sandstone, which is gradually being cut back toward Lake
Minnetonka. Photograph by Haynes, St. Paul, Minn.
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^

r:--

.^.r^;.i*;..

A, VALLEY CITY, N. DAK., FROM THE "HIGH LINE."

The river meanders broadly on the glacial drift which partly fills the old rock-cut valley. Photograph by Johnson
& Olson, Alexandria, Minn.

B. THE »'H1GH LINE" ACROSS THE VALLEY OF SHEYENNE RIVER. n/dAK.

Height of trestle (150 feet) indicates depth of valley. Photograph by Johnson St Olson, Alexandria, Minn



THE J^ORTHEEX PACIFIC KOUTE. 11

Fort Snelling and the Falls of Miniiclialia can be readied

Paul by several routes, but whoever wishes to see the rocks

ams
car, A^iiich follows the Mississippi upstream for about 6 miles directlj-

to Fort Snelling. The roadway is on a bench or terrace nearl}^ half

a mile wide, w^hich stands about 100 feet above the river and on a
part of which the business portion of St, Paul has been built. The
terrace is underlain by the Platteville limestone, which may be vseen

number of places, and it is evidently a remnant

as

aCTam
the valley as it appears to-day. If the channel of the river should
be filled to the broken line it would represent the vaUey floor as it

was

at the level of the terrace. As the rocks are not exposed at any
place in the bottom of the valley it is evident that the old rock-cut
valley has been nlltd by sediment (alluvium) brought down by the

has deter-

'^mMsm^m^mimm^
Figure 1.—Section across Mfesissippi Valley between St. Paul and Fort Snelling, Minn., looki:

The broken line rspresent^ the bottom of the valley before the present channel was cut,

mined. A deep well sunk in St, Paul northeast of the Union St;

struck sohd rock 100 feet below river level. At some remote
the river channel was therefore at least 100 feet deeper than it is

now, and since tlmt time it has been filled bv mud and sand i

time

the level of the present river bottom.

mam vallev continues
It IS occupied only by Mnnesota Kiver/ a stream manifestly too
small for the valley in which it is flowing; and, on the other hand,
Mississippi River above Fort Snelling is out of proportion to the
narrow gorge in which it is confined. To even the most casual
observer the streams appear to be misplaced; the larger stream is

flowing in the smaller valley and vice versa* The size and relation
of the river valleys about St. Paul show clearly that they have under-
gone many changes which do not occur in streams developing under
normal conditions. Changes of this kind have taken place in many

streams They

^ FeatherstonLaugh says that the In-
name

meanin By the early

white settlers the name St. Peter was

applied to it; but later the Indian name

was revived, with the spelling Minnesota.
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due to the invasion of this country at various epoclis in the past by
great glaciers winch filled existing valle^^s with the mud, sand, and
gravel that they brought in from the north, (See footnote on pp.
26-30.) When the ice vanished the streams found different courses,

developing lakes and falls, features characteristic of a newly estab-

lished drainage system.

Thus the original drainage about St. Paul consisted of a stream
flowing southeastward through the city and following the present

course of Mississippi River to a point 10 or 12 miles below St. Paul,

where it was joined by a large stream from the west, which crossed

the present river valley 4 or 5 miles above Fort Snelling. At that

time there v/as no stream flowing from Fort Snelhng to St. Paul.

This area was then a rocky upland.

T\Ticn the western ice sheet (see route map, sheet 1, p. 20) melted

back from this region, all these old stream channels were filled with

glacial materials, and the princij^al streams were developed along

their present courses. After a time the glacier, which came from the

north or northwest, melted back into the Red River valley, and

Lake Agassiz (ag'a-see) came into existence. (See footnote on p. 32.)

Warren River, the outlet of this large body of water, occupied the

present valley of Minnt^sota River and received Mississippi River as

a tributary from the north. Tliis great river flowed across the rocky

upland between Fort Snelling and St. Paul and cut a broad valley,

upon the floor of Avhich St. Paul has been built. Where it Joined

the old valley, at the site of St, Paul, there was a waterfall many
times the size of St. Anthony. This fall gradually receded upstream
until it reached the other old valley above Fort Snelling, and thus

the inner rock gorge shown in the diagram was cut.i^^-to

The gorge of the Mississippi from Fort Snelling to the Falls of St.

Anthony, wliich are a short distance below the station in Minneapolis,

shows from its extreme narrowness that it is new and that it has
only recently been carved out of the sohd rock by the swiftly flowing

stream.^ In fact, the process of carving the gorge of the Mississippi

is still in operation, or was before it was arrested by the hand of man.

^ Many take it for granted that the sur-

face features of the earth have alwaysbeen
the same as they are to-day, that the val-

leys have always been valleys and the

hills and mountains always eminences
overlooking them. The incorrectness of

such an assumption, howei-er, can be
realized by watching any small stream or

rill after or during a rain. It will be seen

that the stream is busily engaged in cut-

ting the sand or clay over which it flows I

i

and carrying it down the valley to be
dropped where the current slackens in

some pond or lake. Every fragment, as

it is loosened from the bed of the stream,

is can-ied or roiled along by the water a

few inches or a few feet and then dropped,
because the stream is imable to move it

farther, as a tired man lays down his bur-

den a moment to rest. By dropping many
grains the power of the water is restored

and the grain of sand is again picked up,
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stream
and tho Falls of St. Anthony have doubtless receded slowlj from a
point near the edge of the main valley at Fort Snelling to their present
position. As the rate (if recession of this fall has apparently been
fairly uniform, and as the distance wliich the fall has retreated is

well known, it has been used in making estimates of the time that has
elapsed since the river fii'st started to cut its gorge near Fort Snclhno-.
According to the best estimate, tho fall has been 12,000 years in
travehng from the vicinity of Fort Snelling to its present position,

has been 8,000 years since

eseut river syst

Anthony
moutli

been

of Miimehaha Creek that stream plunged into the deepened
gorge and the Falls of Minnehaha orighiated. Since that time they

worn back about 400 feet to their preseiit position. Each
day some particle of rock is dislodged or worn away, and gradusdly
the faUs are working back up the stream. In the course of Sme they
will reach Lake Miimetonka, and then this beautiful sheet of water
vnll be di-amod, but that catastrophe will occur so f;rr I'n fl>.. f„f

—

need not be alarmed.
mm G

linnetonka is also the dii'

r

contain
iiich ]\linnesot

ormm
will be discussed in connection

other lakes that will como into the traveler's view as he continue hi
journey

— - ^^^>y tiG -uu coniinues nis
i.ake Mmnetonka is easily reached by troUey

MinneapoU

long transcontinental joumej

beautiful shores makes a most acceptable break in
o

White Bear Luke, about 6 mile
.X am Dears tlie same relation to that city as a summer
Lake Mmnetonka beai^ to Minneapolis.
of the present city of St, Paul is said to have been a favorite
;round for the Sioux Indians long before white men invaded

strength and
his burden, and is carried or rolled along
for a short distance farther. This opera-
tion is repeated many, many times, until
the gra^n of sand is finally transported to
the sea and finds a resting place upon its
sandy shore.

The method bv Avhich
hard rocks is not so ob\dous as that by
which It cuts sand and clay. The cutting

alone has no cutting power. The grains

of sand and the pebbles that are swept
along by the cuiTent act as a great ra^p,

scorning and cutting the hard rocks over

which they are carried. Thus grain by
grain the rocks are worn away and grain

by grain the material is carried to the sea.

The process, though slow, never stops;

and in time it carves such gorges as that

of the Jlissi^ippi and even the deeper
18 not done bj,- the water itself, for water canvons found in the western mountains.
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villaores stood witliin

many
Wh

men came they located at Mendota, on the south side of Mi
)i Kiver near the month of the Minnesota, and th\>k wn« tl

fir Wh
more origin and the manner in which it

name are interesting: events in the history of thi

The State of Minnesota has a gross area of 84,682 square miles,

which 3,824 square miles is covered with water. It was admitted

Minnesota

the Union in 1858, and its population according to

the census of 1910 was 2,075,708. The earliest set-

tlements Averc made alone^ Mississinni River, which

commer
From the incoming people spread to other valleys and

streams. This was essen-

tially an agricultural population, and it has covered all the southern

and western parts of the State. The northeastern part was origi-

nally a land of swamps and heavy timber, not at all inviting to the

man in search of a farm, and for this reason all of that part except a

small area about the head of Lake Superior remained for a lonsr time

com
While the em

converted into prosperous fanns, the natural water power at the

Falls of St. Anthony attracted the attention of millers, and great flour

mills sprang up to grind the wheat that came pouring in from the

surrounding region. same

utilized, and soon the great mills were denuding the country of its

valuable timber.

indu

northern part of the State. Though the output of the mines is of less

value than the products of either agricultui'e or manufacturing- it

has probably brought the State into public notice to a greater degree
than either of the others, for Minnesota is now the greatest producer
of iron ore in the country, having in 1913 an output of nearly
39,000,000 long tons, out of a total for the entire country of 62,000,000
tons. The first iron mmes

1 Wliea the military post of Fort Snell-

ing was established, in 1820, the bounda-
ries of the reserv^ation had not been deter-

mined and consequently the post was
emm

In 1839 the limits of the reservation were
fixed and efforts were made to eliminate
the undesirable element, but not until

evicting all the roughs and in demolish-
ing their cabins. The evicted persons
crossed the river and started a hamlet
near the spot where the Union Station at

St. Paul now stands. This was soon
graced by a Roman Catholic chapel called

St. Paurs, which gave its name to the
village: From such inauspicious begin-

May 6, 1840, were the troops successful in
f
nings the city has developed.
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range ^ in 18S4. The great Mesabi range was opened in 1892 and the
Cuj^uiia rangP! in 1911.

The values of the products of the State arc approxhnately as fol-

Manufactures (1909), $409 agriculture (1909), S275,-
mmmg

try

5 determined
largely by the availabihty of water transportation. Thus St. Paul,
which stands at the head of navigation on Mississippi River, and
Duluth, which is at the upper end of Lake Superior, were the principal
points. The use of Mississippi River as a commercial hij^hwav has

com

northern

Minneapoli;

also for those that connect central Canada with tl\e United States.

>wn

west—and hich most of tliis traffic

mg

Duluth and Superior, at the extreme western point of the lake.

On leaving the Union Station at St. Paul (see sheet 1, p. 20) the
small

St. Paul.

Elevation 732 feet.

Population 214,744.2

climhino: from
of 732 feet at the station to more than 900 feet at
the highest point within the city Imiits. In passing
over this part of the road the traveler unacquainted

Avith glacial topography will have an opportunity to become familiar
ts peculiarities—its knobs and basins composed of matc-ome
movm

its margin.

as shown
sota on sheet 3, p. 32) by what is here called the middle ice sheet,

which, as it came down from the north, brought into this region clay

and fragments of red rock from the country north of Lake Superior.

This body of ice extended southward beyond St. Paul and on melting
left its load of reddish clay, sand, gravel, and bowlders, commonly
knowai Later another

^ The term range, as applied to a de-

posit of iron ore or to tlie ore and tlie rocks

with which the ore is associated, is lim-

ited to the Lake Superior region. It

doubtless resulted from the fact that in

the first districts developed the rocks as-

sociated with the ore are hard and form

ridges or low ranges. From these districts

the term has been carried to the other figures are marked with an asterisk (*).

deposits of iron ore in the region, until

now they are all known as ranges, even if

the surface is flat and swampy,
^ The figures for population in this book

are those of the United States Census of

1910, For unincorporated places the fig-

ures give the population of the election

precinct, township, or like unit; such
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large glacier, the western ice sheet, invaded Minnesota from the north-

man
covered by red drift. The boundary between these two drift sheets

passes through St. Paul but is not a sharp line of separation.

Wlien the front of the western ice sheet rested on the hills about
treams of water issued from

OT

inityice front. One of these streams left the ice mass in the vi

Minneapolis and spread a great sheet of sand and gravel

country upon wliich St. Paul has been built. It is mainly these

outwash materials that can be seen from the Northern Pacific trains

as they pass from St. Paul to Minneapohs. The gravel was deposited

nrcgularly and now forms knobs that are separated b}^ kettle-like

depressions. Lake Como, on the right (north) ^ of the railway, Hes

in a basin of this character.

Dcscendmg somewhat from the high land the railway crosses the

gorge or canyon cut by Mississippi River in the Platteville limestone

and St. Peter sandstone. These rocks were formerly well exposed

here, but they have been obscured by the construction of mills and
mpm While

the river the traveler can see on the right what remains of the Pahs
of St. Anthony, after a large part of the water has been diverted for

the development of power. Further erosion of the rock has been
buildin

runnmc?

line the river bank for some
On the left are the buildings of the University of Minnesota,

lich occupy a commanding position on the east side of the river.

The rocks rise toward the north, as showTi by fig-

ure 2 (p. 17), even more steeply than the grade of

am, and the top of the St. Peter sandstone

Mfitneapolis

^!^ZSS- ""d «»« o^^'-lvms Plattcvme lim

Immediately after crossing the river the train enters the Union S

at ^Minneapohs, to receive other travelers bound for the far W-
North of Minneapohs the railway again crosses Mississippi

lling

m
the drift-covered pb-

, ast beyond Northtown, on the right (east),

considerably

visible for the last time. This outcrop

Anthony, indicating that the

more

* The tenns
2 The figures giving distance from St. Paul are taken from the Northern Pacific

Railway folder of 1915,
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ground. As this northward rise continues up the Mississippi until
the underlying granite is brought to the surface ahout St. Cloud it

is probable that in the pasb the St. Peter sandstone and associated
beds extended farther northward than at present. They were, how-
ever, worn away by the weather, the streams, and the ice, until now
the railway passes over their beveled edges onto lower and lower
formations toward the north, as shown by figure 2.

lem
Ime from Minneapolis to St. Cloud jointly. At Coon Creek a branch

Coon Creek,
rn

aoud
sT^a^iS;- ^^l^t^^- In ^^'^ part Of the vaUey the surface is

composed largely of sand and grrvel washed out
from the glacier when its front lay a short distance to the north-
west. The fine part of this material when dried was picked up by

NORTH

lue wesL wmas ana earned over the country to the east, forming
sand dunes which, with mtervening marshes, still characterize this
part of the country, as

shown on the map.
The succession of

events during the several

mvasionS of this country figure 2.-Diagram showing northward rise of the rocks in

by the ice and the various *^*' vicinity of ilinneapolis, llinn.

materials deposited by the ice sheets are described m the footnotes
on pages 26-30.

^

For nearly 100 miles the railway follows the valley of the Missis-
sippi, here a broad and flat depression nmch of which has the appcar-

Anoka

ance of a level plain ; but in places the low liills on
both sides approach the river and the valley is con-

Elevation 904 feet, fined by fairly definite bounding walls. About
Population 3,972. A 1 j-i J3 r ,-t ,•,

St. Paul 29 miles.
Aiioka tlic tloor of thc valley consists of a gently
undulating plain. The river has cut its channel but

little below the general surface, and it seems to wander over the plain
without

cultivat

surface.

sufficient to break the monotonv of its even

ocks are exposed about'V^jka. deen driHi

water has shown that the glacial <h-ift there is about 80 feet thick and
that the underlying rock is probably a part of the Dresbach sand-
stone. (See footnote on p. 9.) About Anoka flowing wells obtam
water from this sandstone, and in the southeastern part of Anoka
Coimty millions of gallons are pumped from it daily to St. Paul for

thc city supply.

95558 -—Bull. 611—15 2
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The route followed from Minneapolis through Da^-ton and beyond
is rich in historic association. The first white man to traverse it

was Father Louis Hennepin, who in 1680 named the
Dayton. Yalls of St. Anthony and St. Francis River. There

SpuMonslf' '^ ^*'"''' ^"""^^'^ ''^^^^^^ ^^1^ stream to which Hennepin
St. Paul 35 miles. applied the name St. Francis. Some think it was

the stream now bearing that name; others think it

was Rum River, which joins the Mississippi at Anoka. Hennephi
traversed part of the Indian trail to Lake Superior, which is gen-
erally supposed to have passed by a portage from St. Francis River
to Mdle Lacs, thereby saving greatly in distance over the route up
Rum River.

At the viUage of Elk Rivor the stream visible from the train is

Elk River, and this is in sight for several miles west of the station.
F

St. Francis River enters Elk River nearly due north
of Big Lake station, but can not bo seen from the

SruiSnssf
* ^^^^^'^^y; ^^t the town of Elk RIa er a branch of the

St. Paul 41 miles. Great Xorthern turns to the right (north) and joins
the St. Cloud-Duluth lino at the tow^l of Milaca.

The second white man to travei-se this part of the valley was Jona-
than Carver, who visited the region in 1766 in order to claim it for
the British sovereign. Carver ascended the Mississippi as far as St.
Francis River in an endeavor to reach the Pacific coast, but owing to
lack of supplies he was obliged to abandon the expedition {

to the East. Of the American pioneers, Lieut. Zcbulon M

Elk River.

return

whom Pikes Peak was subsequently named, was the first to visit the
newly acquired temtory in his search for the source of Mississippi
River in 1805. An account of his journey will be found in the foot-
note on page 20.

Later the route up the Mssissippi from Fort SneUing to Sauk
became

Over

Lake
this trail several exploring expeditions went into the
Northwest, but probably the most important, at least

S;ltTonS!"'- ^^ ^Z
""^ '*^ ^^^"^nce on the location and building of

St. Paul 49 miles. tho A orthcm Pacific R ailroad was concerned, was the

^
party of Government engineers under the leadership

of Gov. I. I. Stevens, which ^ - -^

road in 1853. This exnedii

Sites of Big Lake, Becker, and Clear Lake to Sauk Rapids, and thenco
westward to Bois dcs Sioux River, which it crossed
just below the outlet of Traverse Lake. Althouc^h

mad

Becker.

Elevation 996 fee

Population 210.

St. Taul .57 miles

Minnc

known
est

been
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groat vnlue in the subsequent development of the region. The engi-

neers of this expedition explored most of the prominent passes through
Mountains and the Cascade Mountains in

Washin

some
vicinity of the village of Clear Lake the railway -passes from

gray drift that was brought into

Clear Lake.

Elevation 1,016 fi3et.

Population 263.

St. Paul 64 miles.

sheet from the Red Kiver valley to the red drift of

the middle ice sheet. The exact point of change from
one of these drift sheets to the other can not be deter-

mined from the train, but close obsei-vation will show
more

north of Clear Lake than there are in the drift south of that place,
Althou

the hard rocks are hidden from view, deep drilhng for water has shown
m

farther south have been eroded from this region and that nothing is

granitic

continent Fortunately these rocks
are exposed at several places along the line, so that the traveler may
see them and realize how different they are from the stratified sand-
stone and Hmestone that show at the surface in the vicinity of St.
Paul and Minneapolis.

Aiter passing milepost 71, beyond Cable, the train runs
the State reformatory, which stands tc

walls and buildings of this institution
The

constructed
granite qiiamed on the premises. The granite is an excellent building
stone, bchig durable and of pleasing appearance, and beyond the

The stone can be obtainedquame
in fairly large blocks, and it has been used extensively in St. Paul and
Minneapolis and shipped to different parts of the country.^ A large

established industry in this part of thethose

laid down as sediments, either in lakes or State.
in the sea. They were deposited layer npon
layer, and these layers show to-day in what
is known as the bedding or stratification of

the rocks. \\'here the material deposited
was very fine and supplied in small

first quarry

amounts and intermittently the layers are side.

very thin, in some places as thin as paper;
but where the material deposited was
coarse and was supplied in great abun-
dance, or where it was of such character
that it did not form distinct layers, the
beds may be verj^ thick or even ma^^siv
that is, they may show no bedding planes.

2 The quarr>ang of granite for buildings
and monuments is an old and well-

East St, Cloud in 1868. Since that time
numerous quarries have been de\eIoped
at Eafit St. Cloud, Sauk Rapids, and
Watab, on the east side of the river, and
at St. Cloud and Rockville, on the west

The quarries in this vicinity pro-

duce both red and gray granites

lenees

sxanite

ments to coarse red and gray granite

that can be used only as building stone.

In 1013 the granite quarried in Steami?,

Benton, and Sherburne counties, with

St. Cloud alued

000
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St. Cloud.

amount of it was used in the now State capitoL The granite is hard

and resistant, forming the rapids in the river and the rough topog-

raphy that marks the valley for some distance.

The town of St. Cloud (see sheet 2, p. 26) lies on the opposite side

of the river from the railway, so that the traveler can see only the

station and a few houses. A rapid in the river near

this place is utilized to produce power for a large
Elevation 1,050 feet, milling industry. Here the main line of the Great
ropulalion 10,600. --^.-•^ .

-t c

St. Paul 76 miles. JNorthem Kailway crosses the river, but a branch ot

that road loading from St. Cloud to Duluth is crossed

by the Xorthern Pacific train a short distance beyond the station.

At Sauk Rapids the low granite and drift hills that border the

valley on the right (east) approach so close to the river that there is

room only for a few streets and the railway between
Sauk Rapids.

Elevation 1,034 feet-

Population 1,745.

St. Paul 77 miles.

the hills and the river. Masses of granite can be seen

in the river channel and the resistance of tliis rock

has produced the rapids at this place. Rock of the

same kind is quarrit^d in the bluffs some distance

back from the river and is brought to the main line over a short

spur for sliipment. Above the rapids the river flows quietly between

low wooded banks, or rather in a shght depression in the bottom of

the broad valley.

Although the hills arc less precipitouo beyond Sauk Rapids, the

presence of granite in the vicinity of Watab station is attested by

great bowlders of this material that were evidently picked up by
the glacier and distributed along the valley, and also by old quarries

that arc faintly discernible on the left (west).

The traveler is now approaching the place where Pike's party

wmtcred in 1S05-6 on their memorable trip to the source of the

Mississippi,^

* As soou as Louisiana had been ac-

quired from France by the treaty signed

at Paris on April 30, 1803, President

Jefferson took steps to have the newly

acquired country thoroughly explored.

He personally planned the expedition to

the Pacific coast which was conducted

by Lewis and Clark (see p. 47) in 1804-

1806 and other expeditions by Lieut.

Zebulon M. Pike to the headwaters of

the ^Missii^ippi and to the great South-

west. Pike's search for the source of the

Mississippi took hiin over ground with

which the traveler is now somewhat
familiar, and an account of the trip may
be of interest.

'un

eled was at that time fairly well known,
but the earlier explorations had been
made by French and English adven-

turers who were using every means to

further the interests of their resi>ective

Governments, It had now become the

property of the United States, and
Jefferson wanted first-hand information

not only regarding the geography of the

try

owner
tribes and the trappers and traders who
gathered flu's from this vast wilderne^.

Pike left St. Louis on August 9, 1805,

with 1 sergeant, 2 corporals, and 17 pri-
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Between Watab and Rice the railway runs in a flat valley that

extends as far as the eye can reach. It is well cultivated, and the

fields of grain and potatoes are broken only b}^ some
small lakes that are to be seen on the right of the

track, but these have low shores and are not par-

Rice.

Elevation 1,086 feet

Population 262.

St. Paul 90 miles. cul

mile

As the train glides through mile

and there a farmhouse nestling beneath the shadow of some ancient
'v

oak, it is hard to realize that a little more than a century ago tliis

was a wilderness in which roviner bands of Indians found onlv a

made loui

Royalton.

Elevation 1,103 feet.

Population 676.

St, PaulQTrailps.

greatest hardship and discomfort.

Although there are no exposures of rock between Rice and Royal-
ton, the route map opposite page 2G shows many isolated outcrops

of granite and slate; and it will be noticed that all

the areas of granite lie east of a line passing nearlj-

through Royalton and that all the hard rocks which
appear at the surface west of that hue are slates or
scliists (for definition see footnote on p. 155) with the

exception of one exposure of Cretaceous shale on the west side of the

river nearly opposite Royalton.

A short distance beyond milepost 95 a branch of the Soo Line
(Minneapolis, St. Paul & Sault Sto. Marie Railway), extending from
Brooten to Duluth, crosses the valle^^ and the Northern Pacific track

by a long, high fiU, North of Royalton, on the right,

prominent moramic hiUs give a pleasing variety to tl

some

and at Gregory the traveler is about opposite the point where Pike's

party spent the winter of 1805-6.

vates. He found settlements and vil-

lages as far up the river as Prairie du
Chien, but above that place there was
no "white settlement and only scattered

trading posts of the various fur companies.

He reached the mouth of St. Peter (Min-

nesota) River on September 21, and
time

imi

100,000 acres of land, including the site

Anthony.

rng

ed

proceeded up the river, but at many
places he had considerable difficulty in

getting his boats over the rapids. He

finally reached the vicinity of IJ.ttle

Falls, but here the river was so rough that

he decided it was useless to take the boats

farther, so on October 16, 1805, he went
into winter quarters on the west bank of

the river about 4 miles below the present

town of Little Falls.

Pike with a few companions pushed on

afoot and endeavored to find the source

of the great river. He succeeded in a

general way in settling the question,

though he did not discover Lake Itasca.

Pike returned to Little Falls on March 6,

1806, and on April 10 the entire party

embarked once more, reaching St. Louis

on the 30th.
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Taken all in all, the Mississippi Valley^ in wliich the train runs

from Minneapohs to Little Falls, is one of the richest and most

attractive valleys in the State.

From Little Falls lead two branch hnes of the Northern Pacific,

one running up the east hank of Mississippi River to Brainerd and

thence t-o International Falls, on the northern
Little Falls, boundary of Minnesota, and the other turning to the
Eieration 1,134 feet- left and running to Morris, near the western edge of

st!^Pauno7 miles. the State, The falls in the river are produced by
hard slate and schist and by diorite (molten mate-

rial that was forced up and into the sedimentary rocks and that

has since been consolidated^ forming a hard, dense, dark rock) of

Archean age. (See table on p. 2.) These rocks are not massive like

the granite at St. Cloud and so they do not make good building

material, but they are as hard or harder and form a persistent obstacle

to the easy flow of the river. The falls are of great commercial

importance, as they furnish 10,000 horsepower, which is utilized by
sa-wTnills having a capacity of 70,000,000 board feet of lumber

annually, flour and paper mills, and an electric-hglit plant.

Here once lay the margin of a great evergreen forest that stretched

wild and unbroken to Duluth and the falls of Saidt Ste. Marie, but

now only a few pine trees can be seen here and there along the railway,

for most of them have disappeared in the insatial)le maws of the

great lumber mills. Little Falls is noted among archeologists as a

place where a large number of flint implements, belonging to an early

race of men, have been found.

At Little Falls the traveler crosses ^lississippi River for the last

time in his westward trip; he will soon pass out of the Mississippi

drainage basin and enter another whose waters find an outlet to the

north. After leaving the river the train passes through a country
that is typically glacial in all its features. The hard rocks are covered

by drift varying in tliickness from 35 to 400 feet. Owing to this thick

cover the present surface of the ground gives no indication of what is

beneath, and for many years it was supposed that this swampy coun-
try, covered only with brush and scrub oak, was of no value whatever.
After some of the great deposits of iron ore in Minnesota and Wiscon-
sin had been exploited it was found that the best way to prospect for

ii-on ore in tliis region was with the magnetic needle. Many parts of

Minnesota were tested unsuccessfully, but in 1S95 it was found that
the magnetic needle was affected in this area, and drilling has shown
that it is underlain by a large body of iron ore. This deposit is now
known as the Cuymia (ki-you'na) iron range and is one of the three

important iron ranges of the State. This range (see map of Cu3^una
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range on sheet 2, p, 26) ^ as now prospected and developed, extends

Randall.

Elevation 1,200 feet

Population 195.

St. Paul 118 miles.

from Aitkin, about 27 miles northeast of Brainerd,

sonthwestward to the vicinity of Randall. It is about

55 miles long, but its widtli has not been fully deter-

mined. No mining is done near this line of the

Northern Pacific Railway, but several mines are

operated some 40 miles to the northeast. Little farming is carried

^ "WTioever -vsdshes to eee something of

iron mining in ^linnesota ahould make a

short trip from Little FaUs or Staples to

CrosLy or Ironton, on the Duluth line.

Tlie Pennington mine, which is within

easy walking distance of either of these

towns, consists of a large open pit from

which the glacial drift was first stripped

away and the ore then mined by steam

ehovels. The ore is hematite, an iron

oxide, and has resultal from the deep
weathering or decomposition of a slaty

sedimentary rock that wa^ originally rich

in iron carbonate. The sedimentarj^

rocks strike about N. 50° E., are folded

closely, and dip at high angles. The
workable deposits are vertical or steeply

dipping lenses, which generally have a

maximum width of 400 or 500 feet and an

average depth of about 300 feet, but the

maximum known depth is about 1,000

feet. Some of the lenses extend for more
than half a mile along the strike. The
ores, some of which are soft and some hard

,

are in the main non-Bessemer—that is,

they contain too much phosphonis to be
converted into steel by the Bessemer pro-

cess, which is one of the processes gener-

ally used . Some of the ores contain con-

siderable manganese.

The traveler wishing to make a more ex-

tended excursion into the iron country

may go from Little Falls or Staples to

Duluth and take either the Duluth,

Missabe & Northern Railway or the

Duluth & Iron Hange Railroad to one of

the great iron-producing towns on the

Mesabi range. This range is about 100

miles long and 1 to 3 miles wide. The
most productive part is served by a trolley

line which runs between Hibbing and
Eveleth, making all the mining towns

between easily accessible. The Hull-

Rust open pit at Hibbing Is the lai^eet

iron mine in the world, producing in 1913

nearlv 3,500,000 lon<x t'uis of ore. A de-

scription of the iron ranges is given by
W. H. Emmons, State geologist of ilinne-

sota, in the following paragraphs:

The iron ore of the Mesabi (me-sah^e)

and Cuyuna ranges is contained in the

Biwabik (be-wali^ick) formation, named
from one of the iron-mining towns in the

Mesabi range. This formation consists of

ferruginous cherts, iron ores, Blates, iron

silicate, and carbonate rocks, with a small

amount of coarse detrital material at its

-base. It grades upward and in places

laterally into more slaty rocks, known as

the Virginia slate; and it is underlain by
the Pokegama quartzite, consisting mainly

of quartzite but containing also conglom-

erate at its base. These three formations

are generally known as the Aniraikie

(a-nim^i-kee) group and belong in the

upper part of the Algonkian system as

exposed In this region. All these rocks

were laid down after the close folding

which affected the lower Algonkian rocks,

consequently the formations of the Anirni-

kie group are not on edge }>ut generally

dip at low angles.

The Biwabik or iron-bearing formation

extends along the ^fesabi range (see map
onflheet2, p. 26) for its entire length. Its

average thickness is about 800 feet, but

owing to the prevailinglowdips the width

exposed varies from a quarter of a mile to

3 miles. The great bulk of the formation

is ferruginous (iron-bearing) chert, with.

varying amounts of am})hibole (asbestos),

some lime and iron carbonates, and bands

and shoots of iron ore. Associated with

the chert, mainly in the middle zone, ia

the iron ore, which occupies about 5 per

cent of the total surface area of the forma-

tion. Tliroughout the iron-bearing for-

mation, particularly in its upper part,
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on in this region, and the country is covered with a dense growth of
scrul) oak.

For some distance beyond Randall the country consists largely of
swamps and scrub-oak uplands, hut north of Cushhig surface

Cashing,

Elevation 1,288 fee

Population 313.*

St. Paul 123 miles.

becomes roudier. consisting of knoblikc hills with

way. As

swamps or lakes between them. Wlien seen from
some commanding emmence the comitry appears to

he a maze of more or less regular conical hills among
which the railway turns and twists to find a level path-

milepost
thin

depressions in the region, occupied by Lake Alexander. Evidently
the character of the submerged surface is much the same as that
around the lake, for the surface of the lake, although extensive, is

morainic

The rough topography reaches its culmmation near Lincoln, where
hills

Lincoln.

Elevation 1,304 feet.

St. Paul 120 miles.

material forming

eep. As
morainic

m
gion from

and
It extended only a little

Lincoln is mainlv a summer
moraine

those who enjoy boating and other aquatic sports. The wooded

are thin layers of slate and paint rock, the
paint rock usually resulting from the
alteration of the plate.

At the east end of the range, near Birch
Lake, the iron formation has been con-
8ideral>ly metamorpliosed in consequence
of the intmsion of granite to the north and
of gabbro to the south. As a result con-
siderable amphibole has been developed
in the ferruginous rocks, magnetite has
segregated into layers, and the rocks have
become hardened.

Thin beds of conglomerate and shale
of Cretaceous age, Ijing nearly horizontal,

cap the various Algonkian and Archean
:>ns. The basal beds of the Creta-format

carry

forma
tion

Only
formation are rich enough to constitute
iron ore. These occur in isolated masses

along the eroded surface of tlie formation
and are generally not over 200 feet thick,

although some are thicker. The work-
able deposits are secondary concentrations
due to the action of surface waters, which
have leached out the silica and some
other elements and have left the iron in
a more highly concentrated form. Con-
centration of this nature, in places to

which water solutions have found more
ready access, has been going on through
long geologic periods. That it was well
advanced in Cretaceous time is shown in
the detrital zone of the Cretaceous rocks,
in wliich iron ore is abundant in the form
of polished pebbles.

The geologic conditions in the Cuyuna
range aj^pear to be almost identical with
those in the Mesabi ranse described

range
only slightly developed its geology can
not yet be described in detail.
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islands in Lake Alexander afford an almost unlimited number of

camping places and sites for summer cottages.

The strong morainic topography continues for several miles be-

yond Lincoln but graduallj^ becomes more subdued, and even the

gently rolling ground that is noticeable around Phil-

brook soon gives place to a countr}" that is flat and
swampy as far as the eye can sec. Philbrook is sup-
posed to stand on the dividing line between the red

Philbrook.

Elevation 1,269 feet

St. Paul 135 miles.

drift of the middle ice sheet and tlie gray drift of the western

from
the car wiii(h)\v.

From Philbrook the land continues flat and swampy to Staples,

which is a division point and one of the main juuctions on the

Staples. railway. Here the line from St. Paul joins the origi-

Eievaiioni,2osfeet.
^^^ ^"^^"^ ^^^^ ^^ ^^^^ Northern Pacific from Duluth.^

Popuiation2,558. The country west of Staples is as flat as that to
St. Paun4i miles.

^^le south, ovcr which the traveler has iust nassed.

was actually begun.

^ As early as 1853 the Government made
|
cation and at tho head of a lake closed to

navigation by ice for five months of the

year. The Northern Pacific Co. early

recognized that water transportation was
losing its importance and that in the

future St. Paul, with its unlimited pos-

sibilities of railroad connec^tion with

Chicago, was the natural eastern terminus

of the road. Accordingly negotiations

for a line to St. Paul were undertaken.

Sometime between 1864 and 1870 a rail-

road was built from St, Paul up ilissis-

sippi River to Sauk Rapids by an inde-

pendent company. This line was pur-

chased by the Northern Pacific Co. in

1870 with the understanding that the road

was to be completed to P>rainerd, where it

would connect with the main line of that

terminus in Wasliington, In ^linnesota
[
system. In the panic of 1873 the North-

the rails were laid in 1870 as far as Brain- ern Pacific could not fulfill its obligations

and so lost control of this line. The road

w^as completed to Brainerd on November

1, 1877, by other persons, and it afforded

the first railroad connection between the

Northern Pacific line and the cities of

Minneapolis and St. Paul. The Northern

Pacific Co. lesused this line in 1878 and

later acquired control of it through the

Still later

a survey to determine tlie best location

for a Pacific railroad, and one of the routes

examined and recommended is practi-

cally that wdiich the Northern Pacific fol-

lows, but after the survey was made the

undertaking seemed so great that capital

could not be found with which to make
even a begmning. On the completion of

the Union Pacific Railroad in 1SG9 the

faith of the public in the success of trans-

continental roads seems to have revived,

and in 1870 the construction of the North-

em Pacific line

Work was stalled at the two extremities

—

near Duluth, wliich was to be the eastern

terminus, and between Ivalama, on Co-

lumbia River, and Tacoma, the western

crd, on Mississippi River, 30 miles east

of Staples, and in 1871 were extended

entirely across the State.

At that time Duluth, on account of its

location on one of the Great Lakes, was
considered the most desirable place to

connect with the East. Duluth is a

convenient port for the westward traf-

fic in coal and other heavy materials

and for grain shipments eastward to the

seaboard, but it then stood in a great

wilderness, without railway communi-

purch; of its capital stock,

the company built the road from Little

Falls to Staples, giving it the through

connection desired.
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and as far as the eye can see tliere are no hills to break the monot-
ony" 01 tlat a

Aldrioh.

Elevation 1,351 feet,

ropuliition 586.*

St. Paul 148 miles.

water finds a

swamp m
of Leaf Kiyer, which hes north of the track. Like
most of the other valleys of this region, this one
has not been carved by the stream that occupies

it but is merely a chain of low places along which the

1 outlet. Such valleys have no definite shape or plan;
and consequently at one place the railway may be in a fine rolling

country that is well farmed and prosperous, as it

is at Venidale, and at another place it may be in

the most dismal expanse of swamps and shallow

lakes.

Verndale.

Elevation 1,369 feet.

Population 53S.

St. Paul 152 miles.

more
'wn

Wadena.

Elevation 1,372 feet.

Population 1,820.

St. Paul 159 miles.

fine farms on both sides of the railway. Wlien the

crops wave green in the breeze or take on the golden
tints of harvest time this comitry affords the traveler

:^he swamps and scrub oaks
Just east of the station atof the region to the east.

Wadena the Northern Pacific is crossed by a line of the Great North-
ern which rims from Sauk Center to Cass Lake, and about 2 miles
west of TVadena a branch line of the Northern Pacific turns to the
left and runs to Fergus Falls and Breckenridge.

Near milepost 169 ^ the railway approaches Leaf River on the right,

and near the valley there is more decided evidence of morainic

Bluffton.

Elevation 1,314 feet.

Population 148.

St. Paul 164 miles.

oirra than there is between this point and
hillsStaples,

peculiar conical or sugar-loaf shape that characterizes
morainic hills, and they are separated in many places
by marked kettles or depressions. The hills m this

valley

formed of material that the ice brought in from
history of the several invasions

below by Frank Leverett,-

drift deposited bv them

' Mileposts on the Northern Pacific are

numbered from division xx>inta and not
from the enda of the system.

2 Before the glacial epoch, or Great Ice
Age, Minnesota presented a very different

appearance from that which it presents

to-day, WTiere there are now flat plains

there were then rocky hilla and ridges,

separated by deep valleys. In the cen-
tral and western parts of the State, from
the Minnesota Valley northward, the bed-
rock is deeply buried. Deep drilling

shows that it has an uneven surface and

is composed chiefly of old crj^stalline

rocks in which there are differences of

altitude of at least 500 feet. In the
northeastern part of the State the iron

associated

stood

surfacethan they do to-day. This old
is now m deeply buried under glacial

material in the greater part of the State
that it is not possible, with our present
knowledge, to outline the position and
courses of even the principal streams of
that time. Of the eastern and southern
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Elevation 1,433 feet,

"Population 474.

St. Paul 172 miles.

West of BlufFton the morainic cliaracter of the topography con-

tinues for some distance but graduallj^ gives place to the rolling

country about New York Mills. Tlie less broken
New York Mills, country here is well suited to agriculture, and fine

farms may be seen on both sides of the track.

The railway is here on the divide between the

Hudson Bay and Mississippi River drainage systems.

It is not at all certain that before the glaciers covered this country

the divide was at this place, as all the stream courses have been

either materially modified or completely rearranged by the ice sheets

that invaded the State. The present divide is not made evident

by any well-marked ridge, and the appearance of the country will

not probably show the traveler that he is crossing from one of the

great drainage basins of the continent to another,

for the elevation of the towns show that New York Mills is a little

higher than the towns on either side and hence that the water part-

ing is near that place.

At milepost 187 the railway crosses Otter Tail E-iver, the first

large stream passed in the Hudson Bay drainage basin. This stream

has its origin in a number of beautiful lakes near the Northern

Pacific line and flows southward through Rush Lake to Otter Tail

Lake, the largest body of water in the region.

The figures giveu

Thence it flows

westward and joins the Bois des Sioux at Breckenridge, forming Red
River.

After crossing Otter Tail River, which meanders broadly in a

swampy bottom about a mile in width, the railway traverses a roll-

ing plain of rich agricultural land near the center

of which stands the prosperous town of Perham, so

named for the first president of the Northern Pacific

Raiboad Co. The surface of this plain is formed of

sand and gravel washed out from the front of the

western ice sheet as the bis: moraine to the west and north was

Perham.

Elevation 1,390 feet.

Population 1,376.

St. Paul 182 miles.

C3

being deposited. Pine, Little Pine, and Marion lakes he a few miles

from the track on the right, and the cottages and hotels along their

parts, however, enougli is known to wiff-

raiit the statement that the positions of

the preglacial stream courses were not

widely different from those of to-day.

The Mississij)pi flows locally in a new

course past St. Anthony Falls, at Little

Falls, and at Sauk Rapids; but drilling

has shown that a deeply buried valley,

which Is 200 feet or more below the pres-

ent stream, lies near the river and in

places crosses it.

The glacial epoch did not consist

?»imply in the growth and disappearance

of a single great continental glacier; there

were stages of great extension of the ice,

separated by stages in which it was

greatly reduced if not entirely melted

away. There were also several centers

of exceptionally great snowfall and snow

and ice accumulation, from which the

ice radiated or flowed oxitward. From

three of these centers of dispersion

the ice spread into Minnesota in the

Wisconsin stage. (See map on sheet

3, p. 32.) The western and southern

parts of the State were covered by ice
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many inducements to tlie sportsman or to the summer

is in search of relaxation from the breathless hurry of

mod
ilain extends along the railway to a point 4 miles

am, where it gives place to rough; hummocky

the track.

b of the great morainic

moraine was formed th

try to the east

lying to the west. From Luce to Frazee the ground is generally

swampy or dotted hy small lakes or ponds.

At milopost 196 the railway crosses Otter Tail River^ here flowing

to the east. On account of the numerous rh

about from lake to lake, finding an outlet b

about course. Only a few of these lakes ai

G stream

rom the train

(western ice sheet) whicK came from formed by tlie western ice sheet lie in

central Canada. The eastern part as far

south as the vicinity of St, Paul was

co\'ered by ice (middle ice sheet) from

the region south of Hudson Bay, and a

11 area on the border of the Lake
Superior basin was covered by ice (Supe-

rior ice sheet) which came in from the

east tluough that basin. The western

sheet brought in fragmen Is o£ limestone

and shale, the middle sheet carried south-

ward much material from the iron ranges

and also red sandstone from the west end
of Lake Superior, and the eastern or

Superior sheet transi>orted to the limits

of its advance lar^e amounts of the red

the high country along the valleys of

Red River and Minnesota River. These

streams are bordered by broad plaiiis

which owe their form to the fact that

they lay under the deep part of the ice

sheet and along its axis of moA^ement.

The moraines of the middle ice sheet

are well developed south and east of St.

Paul and in central Minnesota. The
Northern Pacific Railway traverses one of

the most prominent moraines of this ice

sheet, between Little Falls and Staples.

The three advances of ice, though oc-

curring in a single glacial stage, did not

take place at the same time. After the

middle sheet reached its maximum and

melted back nearly if not quite to the

eanddtone bordering that basin.

The effect of these invasions was to fdl

up and obliterate the valleys or to block I Canadian line, the other sheets advanced
them in such a manner as to produce into the district it had occupied and there

covered its drift with their deposits.

The western ice in places extended 75

miles or more into the district the middle
sheet had abandoned.

chains of lakes along their courses.

Large moraines or iiregular, hummocky
cessiv

the

gra\

water escaping from the ice front, fring-

ing the moraines in extensi\'e plains

termed outwash aprons. In places where
the ice border melted back rapidly no

moraines wore formed, but instead a

The

asiona

clav or till.

surface, composed

The moraines of the Superior sheet en-

circle the west end of the Lake Superior

basin in a series of concentric ridgeSj each

ridge being later than the one without

Minnesota during the Wisconsin stage,

but as the three glaciers did not invade
the State at the same time it is impossible
to represent them accurately on a single

map. The extent of the middle sheet is

(wn

this

broTight in later by the western sheet its

limit on the west can be only conjectured,
hut it probably covered much of the

than the one within. Those i northern part of the State.
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but the map shows that great numbers of them lie on both sides of

the road. The kettle-hke depressions in a moraine, many of which

' Hri

H -

-A ^ C

Figure 3.—Diagram showing probable origiu of many kcttlo holes. A, Block- of ice recently broken
from a glacier; B, same block after part has been melted and the remainder covered with sand and
mud; C, depression resulting from complete melting of the ice.

fill due either to

UTi

meltin

The map is supposed to represent the

State as it was when the western ice sheet

extended southward along the Red River

valley and deployed to the east into the

open lands of Minnesota. Part of this

great glacier found an outlet eastward into

the upper Mississippi A^alley and the val-

ley of St. Louis River, but the main mass

of the ice pushed southeastward along the

valley of ilinnesota River. A part over-

flowed northeastward, forming a lobe that

covered much of the territory north of St.

Paul. The main lobe swept on south-

ward across the boundary of the State and

as far as Des ^Moines, Iowa. After a time

the melting at its front exceeded the sup-

jily of fresh ice coming from the north,

and then the glacial margin began to

retreat, and eventually the ice disap-

peared from the State.

WTien the ice of the Superior sheet

melted back into that basin the ponding

of water between the ice front and the

highland bordering the basin formed a

glacial li^ke, known as Lake Duluth,

which discharged into the St. Croix Val-

ley, in northern Wisconsin. Similarly^

as the ice melted in the Red River valley,

a lake known as Lake Agassiz (see p. 32)

formed between the front of the glacier

on the north and the high land to the
south and discharged to the south through
Browns Valley,

Over a large part of the surface of the

drift of Minnesota there has been little

change since the ice disappeared except

the formation of soil and a slisrht leaching

and weatherinir; but in some i>Iaces nota-

ble changes have been wrought. Jklany

of Minnesota's *Hen thousand lakes

"

show beaches at higher levels than the

present, their outlets haWng been cut

down by the water at various stages.

Many lakes have been so filled with sedi-

ment as to become marshes or even dry
land, and many have been filled by the

growth of peat. St. Anthony Falls, on
the Mississippi, has retreated a few feet a
year until recently checked by an arti-

ficial retaining wall. Minnehaha Falls,

on a small tributary of the Mississippi, has

retreated less than 400 feet in several

thousand years. On the whole, the

amount of stream erosion since the last

glaciation is slight, and on many streams

it is scarcely enough to be measurable.

* "When a glacier reaches its greatest

extension and begins to retreat, its pause

and recession mean that the supply of

fresh ice or snow back at the gathering

ground, where it receives most of its mate-

rial, is not sufficient to keep pace with the

melting that goes on over its entire sur-

face, but more particularly at its outer

margin. The result is that the ice near

the extremity moves forward ler^' slowly

and finally ceases to move at all. The

edge of the ice sheet becomes thin and

irregular, and, owing to more rapid

melting along cracks or creva^es, ma^es

of ice become separated from the main

body.

Part of such a block, as shown at A in

fisnire 3, above, mav be uncovered, but



30 GUIDEBOOK OF THE WESTEBN UNITED STATES.

many
deep vaUeys containing lakes, ponds, or swamps. A notable depres-

sion or old channel is crossed by the railway just
Frazee. southeast of the town. This chamiel extends north-
Eie%-ationi,4iofeet. wostward froiB Murphy Lake, 2 miles southeast of

St. Paul 194 miles.
i^^azee, and it is generally occupied by
long^ narrow lakes.

swamp
miles

some
sides of the track are very pretty. Town Lake, close to Frazee, and
Harold Lake, farther on, are in this channel on the left (south) of
the track; and Chilton and Brink Lakes are irregular bodies of water
on the other side,

Frazee is in the heart of a lake region, where large lakes abound
em

Harold moramic
bolt, whicli was formed by the ice sheet (western) that invaded this
country from the Red River valley. The hills are steep and conical
and To this

know
em Minn

The largest and best-kno\ra sheet of water that is visible from the
train in this vicinity is Detroit Lake, which can be seen on the left
as

time before reaching the station at Detroit. From Detroit Lake a
river channel leads southward into and througli a series of other lakes

made navigable by a svstem
of equal beauty.

of locks, and smaU steamers ply from lake to lake, passing the fiTies't
scenery of the lake region. The drinking water used on Northern
Detroit.

^^^^fi^ '^"^"^g cars comes from Pokegama Spring,
Elevation i,3.s6 feet. ^^ ^^^^ shorc of Detroit Lake.
Population 2,807.

St. Paul 203 mile;
most important towns

lake region, and is a point of departure for many of

If the material surrounding the kettle
IS open and porous, and if there is good

sand and gravel washed out from the front

of the glacier. In the course of time the
partr:7T f "'^"."."^'^^f

^''""^ uisappear., remain open and in much the .ame conbut If the depo.mun of sand and gravel dition a« it wa. whp. i. J\ .!! t.T.
continues tlie part below tlie surface may
become completely covered, and bein"^

protected it persists, as shown at B in
figure 3. Finally this also melts, and
the surrounding sand and gravel fall into
the hole left by the ice. This leaves such
a depression as that sliown in the dia-
gram
in a glaciated country-.

called

5 It was when it waa formed; but
if the earth around the kettle is imper-
vious, then most of the water falling into
It or draining into it from the surrounding
region is retained, and a lake or pond is
the result. Some of the lakes of this region
are many miles across, and if their basins
were formed in this way the blocks of ice
that caused the depressions in which they
he mTist have been correspondingly large.
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its resorts. Just west of the town the Northern Pacific is crossed
by a branch of the Soo Line (Minneapohs, St. Paul & Sault Ste.

Alexandria to Plummer
iue seen from the railw

Hills

moi
Audubon. As the morainic topography disappears farming
Elevation 1,332 feet. bccomcs uiore gcuoral, and at Audubon field after
Population 300. f: i i i- ^ . i

St. Paul 210 miles. ncld of grain stretches away over the rollmg upland
as far as the eye can see. Although the traveler

may have enjoyed the ever-changing panorama of lakes, hills, and
plains of the morainic belt, he may find it a relief to emerge into the
fine farming region about Audubon and Lake Park.
Lake Park is another important town of the lake region, and

although no w^ater is visible from the train there are one or two
ponds near by, and some of the finest lakes of

Lake Park. the region he a short distance to the south. Lake

pip^iattonS
^*''*' ^'"^^'^ ^^ ^" ^^^° ^^^^ ^^ ^^^ prairies. The trees are

St. Paul 216 miles. Small and are confined largely to the watercourses.
Almost all the land is under a high state of cid-

tivation, and fields of wheat and hay abound on every side.

The country here is a gently rolling upland w^ith the valfeys cut
more below the s^eneral level. At Manitobao

Manitoba Junction.
Junction the Northern Pacific line running to

Crookston, Minn., Grand Forks, ... ,„_ ,,,,,
Elevation 1,228 feet. • ^ j . , .i i . , , ^ . , .

St. Paul 224 miles.
ii^peg, Canada, turns to the right (north) . At tins*

place the traveler enters the vallcv of Buffalo Creek
and can not see the upland country, which, however, is much the same
in character as the country east of the junction—that is, it is rolhng,

but is cut hy the valleys of the larger streams.
Hawley, The raihvay follows Buffalo Creek through the
Elevation 1,174 feet. village of Hawlcy, but the valley grows deeper

st!^rau/^8 miles.
toward the west, and httle of the country outside

of the immediate valley can be seen from the train.

If the traveler had been attempting to cross the continent in the

closing stages of the glacial epoch by the route which he is now fol-

Muskoda.
lowin^

Mu

sl%T^VfSnet ^^^^* ^' P- ^^^^ ^^^ ^^ ^^^^ ^^^^' ^^^^^^^ *^^^^ occupied

the valley of Red River. The only passageway
around it would have been by a wide detoiu- to the south, for the

lake extended into Canada for several hundred miles and was bounded
on the north by the impassable front of the great continental glacier.

As the lake has completely disappeared the reader may be skei>tical

about its existence or wnndpT unon what f^vidpnce its nresence in a
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former ago lias been determined Unfor
below tlie general surface of the upland that there is Httle oppor-
tunity to observe details, but if the traveler could carefully examine
the ground, he would easily recognize the shore of this ancient lake
just before he reaches the station at Muskoda. Tliis old shore con-
sists of a ridge of gravel which was heaped up by the waves that beat
upon its western side. The large gravel pit wliich the railroad has
excavated in this

Muskoda
ridge tu uiuouiy uauHsu can oe seen irom

I^
W

who was fir;

lenomena.^ The beach at Muskoda is called

^ Lake Agassiz was a body of fresh water
that existed during a late stage of the

glacial epoch in the valley of Red River
and extended northward (see map on
sheet 4, p. 40) from the head of that

stream for nearly 70C

The beach ridges

700 miles. The area of

the lake at the time of its greatest ex-

pansion was about 110,000 square miles,

exceeding the present aggregate area' of

the five great lakes tributary- to the St,

Lawrenc^-

The shore of this ancient lake is marked
by well-defined beaches, and it is from

these that the existence and the extent

of the lake are known,
^^re built upon typical bowlder clay or

till that was deposited by an ice sheet,

and hence it is known that the lake either

followed the invasion of the ice or marked
the closing stages of that episode.

The next question that arises is, What
were the conditions that led to the forma-

tion of such a lake? It could not have
been held in a landlocked basin, for no
such basin exists at the present time, and
there is no evidence that the surface fea-

tures of that time differed greatly from
those of to-day. Warren Upham, who
has studied this question most carefully,

has come to the conclusion that it was
held in place by the retreating front of
the glaeier, which blocked the natural
outlet of the water to the north and forced
it to accumulate in this basin. The pond-
ing of the water in the Red River valley
began as soon as the ice front retreated
across the di\ide at the head of Minne-

Ri\

a small body of water, and expanded
northward as the ice melted until it be-

came of great extent. The water found
an outlet southAvard (known ns Warren
liiver) to Minnesota River through
Browns Valley, which extends from Lake

:assiz

Traverse to Lake Big Stone along the
boundary between South Dakota and
Minnesota.

The water of Lake Agassiz continued
to flow through Warren River until the
Keewatin (ke-wah''tin) glacier had re-
tired northward far enough to permit
an outlet direct to Hudson Bay. As the
barrier which held the lake in place was
composed of ice, its gradual retreat af-

forded outl-ts at different levels, and at
many of these stages the water remained
long enough to carve beach Hnos more or
less distinct. Thirty-one such beaches are
known, all of which except the lowest ex-
tend into the United States. Fourteen of
them were formed by the lake when its

outlet was to the south, and seventeen
after it gained an outlet into Hudson
Bay.

In comparison with the irregularities
of the topography of the region outside
of the lake the shore lines are inconspic-
uous, but on the smooth slopes of the
lake bed they are generally easily trace-
able. The best-developed beach ridges
of the lake commonly rise 10 to 20 feet
above the adjoining land on the side that
was next to the water and from 3 to 10
feet on the opposite side. They vary in
width from 10 to 30 rods and are composed
of interstratified gravel and sand, the
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rman gassiz

m
unmodified glacial topograj)liy aboyo and the smoo

the old lake basin below. The difference in the topography may not
be noticeable on the cast side of the valley because of the unfavor-
able outlook, but on the opposite side of the valley west of Fargo
the difference is very striking and can readily be seen from the train.
Between miloposts 242 and 243 the railway emerges from the now

shallow valley of Buffalo Creek, and the traveler may obtain his
first view of the famous Red River valley, which has been referred
to frequently as the ^ ^granary of the world/' but which w^is once a
lake about 50 miles wide at this point and nearly 700 miles lonc^.

gravel prevailing, including pebbles 2 to.

4 inches in diameter.

The development of the beaches varies

greatly from place to place, depending
a])pai*eutly upon the abundance and
character of the materials which were
within reach of the waves. Thus where

crossed

way runs immediately west of Muskoda,
covers an area about 7 miles long from
north to south and 2 to 3J miles wide from
east to west. As the average thickness
of the material laid down in this delta is

about 50 feet, its volume is probably one-

mi The delta pi

the Xortheru Pacific Railway three beach
ridges are clearly ^'isible on the east side

of the valley and two on the west. At
Walipelon (waw'^pe-ton), on the Fergus
Falls branch of the same road, there are

four well-developed ridges on each side

of the valley. At Grand Forks there are

four ridges on the east, where they are

crossed by the Groat Northern Railway,

and twelve on the west. Not only does

the number of ridges vary from place

to place, but ridges disappear and other

ridges, either higher or lower, appear in

theii' places, so that the identification of

the various ridges is a matter of consider-

able difficulty.

The Herman beach, which marks the

highest stage of the lake and which is the

one most easily recognized, has been
traced for a long distance around the south
and west sides of the lake, but the lower

as shown in figure 4 (p. 34), is terminated
about 3 miles west of Muskoda by a steep

slope, like the face of a terrace, 25 to 40
feet high.

The floor of this ancient hike is appar-

ently a level plain, although it really

has a slight slope toward the middle and
a gentle northward inclination of about
a foot to the mile.

The several shore lines are not parallel

with one another or with sea level, but
all show an ascent toward the north or

northeast. Thus the unner orThus the upper or Herman
beach rises 175 feet between Lake
Traverse, the lower end of Lake Agassiz,

and the international boundary, but the

grade is not regular, being 35 feet in the

first 75 miles, GO feet in the second, and

80 feet in the third. The lower beaches

show a similar though less pronounced

rise. As these beaches must have been

horizontal when they were formed, it is

beaches are not so well marked and can evident that the crust of the earth has

been elevated toward the north, and

as the beaches show divergence among
themselves, it is certain that this up-

ward movement in the earth's crust

b^an when Lake Agassiz was in exist-

ence and continued for some time after it

was drained.

not be traced continuously.

Sand and gravel deltas, so extensive
as to be notable features of the topography,
were formed by several streams that
flowed into the lake while it stood at its

highest stages. The Buffalo River delta,

down which the Northern Pacific Rail-
^^r^r^O

Bull. 611—13^ 3
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Tlie silt deposited in this lake gives the valley its wonderfully smooth
surface and its great fertility. During the highest stage of the lake
Buffalo Creek built just below Muskoda a delta of considerable size,

and it is from this delta that the fii-st view of the valley may be ob-
tained. At a later stage, when the water of the lake was at a lower
level, the waves cut away the front of the delta and greatly increased

shown in fifrure The rail-

difficulty in gettin

uniform grade from top to bottom
fill has been m

The weight of the fill, however,

ttom

Figure 4.—Section of Buffalo River delta, Minn. AB, Surface of Lake Agassiz at the nerinan stage-
E¥B, delta profile; CB, level of water at Campbell stage; EBF

, part of delta cut away by the wa^-es'
leaving the steep westward front {BF).

*

'

lake bed, and it is still settling and throwing up a.ridge of the soft
material on each side.

From the hisrh fill the traveler mn cnn a/^Tv»r.f !.;>.,. ...r ai.„ x

vaQey—its level floor stretching mile
ast eminence

- ^ and some
fine farms that have made it famous. Drilling for water has' ally the surface of the vaUey was'^uneven, much

valley was filled
like the country on both sides.

ame^ down from the north, grinding
projections

the waste material ; and then as the last smoothm
mud carried by the streams snttlod I'n t>.A UV^ «,v

smoo

^In the original construction of the
Northern Pacific Railway the standard
maximum grade adopted was 52 feet to
the mile except on the mountain sec-
tions, where the standard was 116 feet to
the mile. Aa the traffic developed it

waa found necessary, for economy of
operation and to increase the capacity
of the line to handle the business of the
country tributary to it, to adopt new
standards of 18 and 21 feet to the mile
except upon the mountain sections.
This change necessitated a rednntinr, \^

the original grades at many points, in-
volving a large amount of expensive
w-ork, which has been going on actively
for the last 15 years and is now nearly
completed. The fill referred to in the text
wa^ constnicted in connection with one
of these reductions of grade. The grade
waa reduced from 48 to IS feet to the
mile, and freight-train loads were in-
creased from 2,200 tons with two loco-
motives to 2,550 tons with one locomo-
tive. Many similar examples of grade
reduction will be obser\-ed along the line.

X
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gassiz
fine that it is washed away with great rapidity when it is exposed to

the action of the elements. Ordinarily the surface
Glyndon. vegetation protects it, but when this is removed dis-

pSlt'nSf
* ^^^^'^"^ ^^^^^^ ^^llo^' ^ 1895 a wafjon road was

St. Paul 242 miles. graded east of Red River and

farmers

of the railway near Glyndon for about 6 miles. The

which was deepened and widened so rapidly hy the consequent
erosion that in four j-ears the road had been destroyed for nearly
a mile and in its nlaee thern wns n pTionTinl ^n ~

feet
feet wide and 25

terminal

was

Dihvorth.
located. In the Red Jliver valley may be soon some
of the magical effects of the niirao;o that is so strikiri

Elevtitiou 933 feet. « 4" + r -i . ., .
^

St. Paul 248 miles. ^ loature ol an and or semiarid region. Warren
am

The mirage, typical of plains country or the occaii, may be seen in the Red River
valley almost any eimshiny clay in spring, summer, or autumn. This queer phenome-
non makes the high land at the sides of the valley, the tops of the di.-tant trees, and
houses appear to be raised a little above the horizon, with a narrow strip of sky between.
The more complex and astonishing effect of mirage may be seen fi^om the highland on
either side of the lake-bed floor. There, in looking across the valley from one and
one-half to two hoiu*s after suhiise on a hot morning following a cool night, the groves
and houses, villages, and grain elevators loom up to two or three times their true
height and places ordinarily hidden by the curvatme of the earth are brought into
view. Oftentimes, too, these objects are seen double, being repeated in an hiverted
image close above their real positions and separated from it by a foglike belt. In its

most perfect development the mirage shows the upper and topsy-turvy portion of
the view quite as distinctly as the lower and true portion.

These appearances are dne to refraction and reflection from layers
of air of different density, such as are often formed above a wide
expanse of level comitry in warm weather.

The last town in jVlinnesota tln-oimh wliieh fhp. frnin t^«««oo ;<=

named in honor of William G. Moorhead, a former

Moorhead, Minn,
of the railway company. Between this

line

streamElevation 920 feet. between the two States, a deep, sluo-oish

St. Paul 251 miles. IS generally hcavily charged with mud derived from
soft materials deposited in the ancient lake. This

mud gives to the water a bro^vnish-red color.
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comprises an area of 70,837 square miles. It was
m

its leading industries.

population of 577,056. It is primarily an agricultural
North Dakota. State, but from time to time, as conditions have

changed, there has been a corresponding change in
At the time of the first permanent settlement

the whole State consisted of one vast open range which furnished
grazing in abundance for the herds of wild animals that roamed over
it. The white man saw the natural fitness of the region for orazino-
and soon cattle, horees, and sheep were feeding in place of the deer
and buffalo.

In the Red River valley farming early received a great stimulus
from the officials of the Northern Pacific Railway, and before many
years this valley, from its head to the Canadian line, was one vast
sea of wheat. Fai-ming was also carried on in other valleys to a
minor extent, but for a long time the region west of Missouri Rivpr

inchc
grazm

The discovery
metnocls ot cultivation most

mois

agriculture has worked a wonderful change in the appearance of this
country, for now almost all the land is under fence and the rec^ion west

towns
The principal crops arc wheat, oats, and flax, and the raisincr of

dome
- _ ^ -J. According to the

census of 1910 the value of all farm products for the year 1909 was
from

same ^

^ ._,
^

„ ^_ -^^^^j^^yj^yjyjyj ^y ciH pruQuccu aircctl
crops and $14,000,000 from domestic animals. During the ^v.^
the value of manufactured products amounted to |19 000 000 "

North Dakota is weU suppHed with lignite. This is ^ low-grade
fuel, hut It IS of very great value for domestic use on these treeless

ains. Almo

underl
that the State contains 697,900,000,000 tons of this fuel. In 1913

mined commercially' amomited
important town

m
iUiam

Fargo of Wells, Fargo & Co.'s E^xpress. Fargo is the
seat of the North Dakota Agricultural College and

Fargo, N. Dak.

Eie%^tiQQ 926 feet. Experiment
Population 14,331. - ^
St. Paul 252 miles. larm-machmerj

River vaHey as a whole. The wmters are frequently severe themercury registering 40^ below zero, and the summer, are^ot'aJn"

^'The i
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from mean
Paul and 15 or 16 inches in

western part of the State.

The Red River valley^ including that part which hes in Canada^ was
first Lake

Winnipeg, at its mouth, in Canada, was part of the great hi^
by which the French voyageurs penetrated the country west of Lake
Superior in the early days of the trapper and trader. The eariio^t

authentic record of exploration is that of Verandrye, who made an
unsuccessful attempt to cross the continent in 1738-1 742. French
traders doubtless followed in his footsteps, but they left few if any
records of their experiences or of the country traversed. In the
earl^^ years of the nineteenth century David Thompson and Alexander
Ilcnry, of the Northwest Fur Co., pushed their way up the Red River
valley into what is now North Dakota and Minnesota: and in 1812
the Earl of Selkirk made the first settlement in the vicinity of Winni-
peg. Many French traders probably found their way south into
that part of the Red River valley lying in North Dakota, for Lew-is

mention their presence on the Missouri

^h is known of the rocks undorlvinor tlie valley,

nJly concealed by the glacial drift and bv the
sediment donosited in

drilling. The decnest well which was
near Moorhead penetrated lake sediment i

of 220 feet, Cretaceous shale with some sj

the underlymg granite to a depth of m<
region is therefore near the eastern edge of the great mass of Cre-

taceous strata which extends as an unbroken sheet to the Rocky
Moimtains and which can be seen at many i^laces along the Northern
Pacific Railway. The sea in which these m

some stag

valley

in the valley

;w years ago
map

he wheat harvest would have seen mile after mile of grain, which o
clear breezy day would have looked much hke the waves rollin

cross the water, and he could almost have imagined Lake Agassiz t

e stiU in existence. Li recent years the crops in this region hav
ecome more diversified and now mstead of the unbroken stand c

line, the traveler sees in

to^"'"" ^^ ^^^
grams

in lai'ge areas* in almost
unbroken regularity across the valley
cultivat the railroad track. Probably

are few regions in the world in which the soil is more fertile than
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that of the Red River valley. The silt where it is wet and compacted

has much the character of clay, hut it differs from clay in that it

contains fine sand^ powdered limestone^ and carbonaceous matter,

which make it less coherent-

There are some tracts of very compact and heavy soil upon the

level bottoms, ranging in area from a few square yards to a few square

miles, that are known as ^^gumbo spots/' On account of the imper-

meable character of the clay, drainage is difficult and in places

alkaline salts tend to accumulate.

West of ^laple River, which the railway crosses near the village of

Mapleton, the land rises st(n^dily westward, but the surface of the old

lake bed is so smooth and the ascent so regular that it is scarcely

perceptible to the eye. This is a region of great

Mapleton. farmS; and one of the largest and most noted of these

Elevation 929 feet. is the Dalr^Tuplc farm, between Mapleton and Cassel-
Population 207

^^ which compiises 21,000 acres of cultivated land.

As these big holdings were the pioneers in the Red
St. Paul 264 miles.

River valley and led directly to its agricultural development, their

history may prove to be mteresting at this place.

About 1870 the banking firm of Jay Cooke & Co. became the

financial agent of the Northern Pacific Raihoad Co. and advertised

widely the great agricultural possibilities of the region to be traversed

by the railway. Its glowing statements were attacked through the

press and otherwise, and much skepticism was expressed as to whether

or not the country was of any valuer for agriculture. In order to

meet these criticisms, certain members of the Northern Pacific dnec-

torato determined that they themselves must furnish incontestable

proof that the land could be farmed to advantage. T. H, Canfield

purchased 5,500 acres at Lake Park, Minn.; Charlemagne Tower,

3,000 acres at Glyndon, Minn.; and Benjamin P- Chimney and George

W. Cass, 6,000 acres at Casselton, N. Dak. These farms were at once
put under expert cultivation, and the result of the experiment showed
the Lake Park region and the Red River valley to contain some of

the finest wheat lands in the world. The demonstration of this fact

caused a large and steady immigration to this rt^gion in the years
immc^diately following.

The town of Casselton is situated in the heart of the great wheat
belt and was named for George W. Cass, a former president of the

Northern Pacific Co. In the vicmity of Casselton and
Casselton. westward for some distance many flowhig water wells
Elevation %i feet. havc bccu drilled. Thcse wclls derive their supplyfrom

ItS''^ m^^^ *^<> sourct^—the glacial drift and the underlymg Cre-
taceous rocks. The water obluiiu'd from the glacial

drift is of fairly good quality and can be obtained at depths ranging
from 40 to 200 feet, but the amount of water varies considerably
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and several of the wells have ceased to flow. The water from the
Cretaceous rocks is slightly salty and not suited for iiTigation, but
can be used for domestic purposes. The depth of the producing
wells ranges from 250 to 500 feet^ and the flow of water is more con-

stant than that from the glacial drift. The water-bearing rock is

supposed to be the Dakota sandstone, which belongs at the base of

the Upper Cretaceous, The water is supposed to enter the Dakota
>ne in Wye
Mountains follows

sandstone bed beneath the Great Plams and appears where the sand-
stone rises and approaches the surface in eastern North Dakota.
The village of Wheatland; appropriately named, is situated at the

l^lacc where the railway crosses the lowest promhient beach of Lake
Agassiz, the houses in the eastern part of the village

Wheatland. n,nd a cemetery north of the track being situated on
Elevation 1,016 feet, thc bcacli ridgo. When the surface of the lakft stood
Population 473.* i.j_i'i iii , ^^i.,t
St. Paul 278 miles.

valley, and
Fargo

long enough for the waves to heap up a distinct ridge of sand and fin-

gravel. This is knowai as the Campbell beach, from the town of that
Wilkin Countv, Minn
Wh Sim

beaches, showing that Lake Agassiz stood at different levels above

/i&rman Beach

FiauRE 5.—Section of Herman boach ridge W3st of Magnolia, N. Dak., showing the relation of the sand
and gravel beds composing the beach to the surface of glacial Lake Agassiz.

that of the Campbell stage, but at none of them long enough to form
a decided and well-marked beach, except at the highest of the series.

This is known as the Herman beach. It can easily be seen from the

train just 5 miles west of the Campbell beach, or three-fourths of a

mile west of Magnolia. (See fig. 5.) This beach ridge is even better

developed than the Campbell beach and is marked by an old gravel

pit on the right (north) of the track. The ridge is 15 feet high and
about 150 feet wide on top. In the pit the beds of gravel dip about 20

to the west, or away from the open water of the lake, showing that

the waves cairied the sand and gravel over the top and deposited

them on the back slope of tlie ridge. 'VYlien Lake Agassiz stood at

this level the water at Fargo was about 175 feet deep, but it rose no
higher, because at that stage it found an outlet to the Mississippi

through the valley of Muinesota River.

From the Herman beach a comprehensive view can be had of the

broad expanse of the Red River valley. Above the level of the beach
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the old surface of till and out^vasll gravel is in its original condition,

coatins: of mud
at of the submerged

West of the Herman

material

by a deep cut in glacial till and sand. This cut is 4

miles long, extending as far as the village of Buffalo,

and it affords excellent exposures of the

transported by the ice. The low ridge tlirough which

the cut is made is a faint moraine, marking the posi-

tion of the front of the glacier* that occupied the valley of Red River

before it became a lake, as described on page 32.

Buffalo.

Elevation 1,220 feet.

Populatioa241.

St. Paul 288 miles.

^ The glacial features of North Dakota

are the result of the invasion of the ice

sheet that originated west of Hudson Bay.

At the time of its greatest expansion this

glacier covered all of North and South

Dakota east of Missouri River with ice

probably hundreds and perhaps thou-

sands of feet in thlrkneas.

A study of the materials brought down
from the north shows that glaciation was

another great glacier from the region west

of Iludson Bay, whi(;h divided at the head

of the Coteau des Prairies (for meai\ing

of the word '' coteau'' see p. 45), or just

south of the South Dakota line, into two
great lobes, one of which, known as the

passed vr\

the broad valley of Red River and across

Minnesota into Iowa as far as the present

city of Des Moines, and the other, known

not confined to a single stage of growth as the Dakota Glacier, moved down the

and decadence of the ice sheets, but that

there were several advances and retreats,

and that the amount of movement ac-

complished in the vai'ious stages differed

greatly. These fluctuations appear to

have been due to the fact that at times

tlie climate was favorable for the devel-

opment and advance of the ice, and that

at other times it was milder and the ice

wasted away until largo tracts previously

James R-iver valley to the Missouri, spread- *

ing westward upon the flanks of the Co-

Mis The farthest extent of

these lobes is marked by a well-developed

ridge, called the Altamoixt moraine.

The Altamont moraine is crossed by
the Northern Pacific Railway between
Sterling and Driscoll and from this point

recedes far to the east, crossing the line

between North and South Dakota about

75 miles east of Missouri River. Incovered were again in condition for the

return of animal and vegetable life.
|
South Dakuta its outline is somewhat

During the warmer epoclis soils were de-

veloped, and the glacial materials spread

over the land were sculptured by newly
established drainage systems. The re-

turn of colder weather and the advance
of the ice over most of the area previou^sly

glaciated destroyed many of the new
surface features and buried the whole
under a new deposit of drift.

The extent of the several ice sheets

which invaded the Dakotas during the

Wiscoasin stage of glaciation is shown on
the sketch map on sheet 5 (p. 44). North-

eastern Minnesota was covered by ice that

came from the direction of Lal>rador.

Sweeping southwestward and southward
around the west end of this ice mass came

irregular, showing that small lobes of ice

pushed out here and there far beyond the

principal mass. In general, however, the
Altamont moraine bounds Missouri River
on the east, and it is probable that the
front of the ice and its a<;companying
moraine were largely instrumi^ntal in de-
termining the course of that stream.

The Dakota lobe of the glacier fdled

all the country between Miss<mri and
Big Sioux rivers, but ea^t of the Big
Sioux there was a strip of country free

from ice, which extended, as shown on
the map, nearly to the North Dakota line.

The marginal deposit indicating the
first halt in the glar-ial wasting and re-

treat is the Gary moraine, wliich ia
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GLACIAL LAKE AGASSIZ AT THE TIME OF ITS GREATEST EXPANSION

THE LAKE, CAUSED BY ICE BLOCKADE ON THE NORTHEAST. WAS 700 MILES LONG
AND MORE THAN 200 MILES BROAD
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Just beyond Buffalo the traveler can obtain on the left the first

extended view across the prairies and lowlands of the valley of
Sheyenne River. This broad stretch of country is well farmed, and
the fields of grain are a sure indication of its prosperity.
Near Tower City (see sheet 5, p. 44) the railway is located m a

broad flat that is only imperfectly drained by the headwaters of
Maple River, as described on page 43; and then
begins the long, steady ascent to the summit of Alfca

Ridge, which can be seen in the distance from Oriska.
This ridge, one of the most pronounced topographic
features that will be seen between the Red River

valley and Missouri River, is capped by drift wliich represents the

crossed by the Northern Pacific Railway
just west of Crystal Springs. It lies upon
the Coteau du Missouri and is closely as-

Tower City.

Klevation 1,194 feet.

Population 452.

St. Paul 294 miles.

sociated with the Altamont moraine, the Antelope moraine is here regarded as in-

high coteau front serving as a wall or dam
which held back the ice in its forward

movement. The great amount of material

in these outer moraines and the large size

of the hills indicate that the ed^re of the

the two great lobes had not changed its

position appreciably from that which it

occupied in the Gary substage. The

Kiester

miles

of the Northern Pacific Railway and east

of James Eiver.

The next important moraine, which has
great ice sheet probably remained against been called the Waconia, is crossed by
the coteau for a considerable time. South the railway between Eckelson and Fox

lalces and forms the divide between Ilud-of the Northern Pacific Railway the Gary
moraine is roughly parallel with the Alta-

mont moraine. In some places they

coincide, but in others they are nearly

50 miles apart. The glacier at the time

the Gary moraine was built extended as

far south as it did during the greatest ex-

tension, but the lobe was narrower, aver-

aging not more than 80 miles in width,
and the point of diA'ision between tliis

lo])e and the Minnesota lobe had receded
to the North Dakota line.

Tlie next stage in the recession of the
ice front is not marked by a single large

and well-defined moraine, but by a belt
of more or less disconnected ridges or

heaps of morainal deposits, called the
Antelope moraine. The number of these
ridges indicates that the ice front fluctu-

ated back and forth across the belt. The

the State line into

son Bay and the Gulf of Mexico. It

marks the first definite and prolonged

halt in the retreat of the ice front after

the formation of the Gary moraine. Tlie

glacier at this stage of the retreat extended
only a few miles ac

South Dakota, and its lobe, which at one
time extended to the mouth of James
RiA'cr, was so reduced as to be scarcely

recognizal>le and before the next halt had
disappeared.

Two more halts in the recession of the

western margin of the ice are recorded

along the Northern Pacific line, but these

were doubtless of slight diu-ation and did

not produce separate moraines south of

the railway. The moraine marking the

earUor of these halts is supposed to be the

same as a moraine at Fergus Falls, Jllnn.,

ridges of the Antelope moraine are crossed and therefore is called by that name. It

by the Northern Pacific line between
Spiritwood and Eldridge, but they are

not well marked on cither side of James
River. The glacier at the Antelope sub-
stage extended in a long tongue down
the James River valley as far as Huron,

S. Dak., but the point of division between

is well developed in Alta Ridge, 6 miles

east of Valley City. The second moraine

ia the low ridge east of Buffalo. WTien

the ice front retreated east of tliis moraine,

the southern part of Red River valley

became flooded with water, and Lake

Agassiz was formed.
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Fergus Falls moraine. Its summit, which is crossed by the railway
miionost 59, attams an

hi

west. om
formed

when it lay just east of the ridge. It is supposed tl

the moraine was formed Sheyenne River was Ilowiii

level as this plam and that the present valley of that stream
been cut.

West of Alta "Ridp^a fhp old h"npi of fhf* rnilwn^r fn-pi^orl di'

time

Valley City.

and descended into the valley of Sheyenne River, crossing

the stream but little above the general level of the
valley bottom. Recently a new '4iigh line'^ has

?StTont^^^ ^^^^ carried across the valley on a steel trestle 150
St. Paul 310 miles. feet high. From this trestle a fine view of Valley

City and the river can be had. (See PL III^ p. 11.)

Here the rock undcrlvins: the erlacial drift is exnosed. and it is thp;

om
Mi; may
the ^^high line" or in the sides of the coulee^ as the train descends
by the ''low Ime" to the bottom of the valley. This shale contains

o ocean

this

the country was beneath the waters of a sea.^

At VaUey City the Northern Pacific is crossed by the branch of
the Soo Line that connects Moose Jaw, on the mahi line of the Cana-
dian Pacific Railway, with St. Paul.

1 Tills is the altitude at tlio old station,

which is near river level. The new sta-

tion is about 150 feet higher.

2 The term ''coulee*' is generally applied

throughout the northern tier of States to

any steep-sided gulch or water channel
and at times even to a stream valley of

length

.

The term wasconsiderable

doubtle^ derived from the French verb
couler, signifying to flow. This meaning
of ''coulee" should not be confused with
the geologic meaning of the word, which
Bignifiea a solidified stream or sheet of

lava.

3 During the later half of the Creta-

ceous periud the s€a covered what is now
the region of the Great Plains and the
Rocky Mountains as far west as the
Wasatch Range in Utah and extended
from the Gulf of Mexico to the Arctic
Ocean. The incursion of the sea over

this area was due to the relative sinking
of the laud. As the land sank the waters
ad\'ancedj and the waves and currents
washed and sorted the sediments brought
down by the streams. The coarser sand
and gravel were left near the shore, but
the finer silt was widely distribiited over
the sea bottom. As the sea gradually
deepened and the shore line advanced
the silt covered up the sand; the sand
was cemented together as sandstone and
the silt was compacted into shale. Vary-
ing conditions caused more or less com-
mingling and interbedding of sand and
silt, so that numerous beds of sand-tone
and of sandy shale are now encountered
in drilling into the ancient deposits.
The long duration of the period in which
these beds were laid down is indicated
by the great thickness of fine sediment
which then accumulated.
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more or less irregular and hum
&

mocky^ but no definite moraine lias

of the railway. In this part of North Dakota many of the glacial

features are not clear and distinct. It is supposed that this is due
to the fact that the older ice sheets had left pronounced features that
were only shghtly modified by the Wisconsin glacier, and the result

to-day is that one system of moraines is superimposed on others hav-
ing different patterns, the features being therefore very much confused.

In the vicmity of Sanborn there are a number of lakes which
can be seen from the train, but they are not so attractive as the

Sanborn.

Elevation 1,46S feet,

Populiitioii 300.

St. Paul 320 miles.

Minnesota

dro

similar

deposited around their margins as a white powder.
This powder is composed largely of such substances
as baking soda, washing soda, and other materials
properties. The water of these lakes is unsuitable for

drinking but is not too strongly alkaline to be used for watering stock.
The lakes are generally long and narrow, occupying depressions that

ream

determined. At Sanborn a branch line turns to
the right, leading northward to Coopcrstowii and McHenry.

The TTaconia moranie
Eckelson.

Elevation 1,487 feet,

ropulatiou 327.*

St. Paul 320 miles.

by the Northern
Pacific Kailway w^est of Eckelson (see p. 41), consti-

sippi River drainage basins.

Hudson Bay and Missis-

^ This divide illustrates the poorly
drained character of the glaciated prai-

ries and the delicate halauce between
the drainage systems. Although Shey-
enne and James rivers, the two principal

streams of tliis region, fl(»w in nearly par-

allel courses for 180 miles, and the relief

Several broad and deep coulees enter
the valley of the Sheyenne from the

butwest, they are occupied only by
intermittent streams, insignificant in size

even in times of heavy rain; and the only
land that is really drained is that com-
prised in ishort, deep gorges which broad-

of the land between them is generally
j
en out rapidly toward the Sheyenne as

not mure than 20 feet, yet the Sheyenne
ultimately discharges into Hudson Bay
and the James into the Gulf of Mexico.
These rivers are ver>' small in proportion
to the valleys in which they flow, there
being baz-ely sufficient water to maintain
them as running streams during the sum-
mer season.

The drainage area of the Sheyenne
embraces approximately 10,000 square
miles, yet the volume of water it dis-
charges into Red River is estimated to

less

miles
The loss is due to evaporation and absorp-

meande:
over the broad, flat bottom of its valley.

they deploy upon its flood plain.

The drainage basin of James River ia

much larger than that of the Sheyenne,
but a gaging station established by the
United States Geological Survey on the

James a few miles south of the railway

was abandoned because there was not, for

a part of the year, sufficient current to

turn a water meter.

In periods of hea\7' rains and melting

snows a system of ancient channels is

occupied by Maple River and its tribu-

taries; but although these constitute the

drainae-e svstem for an area of more than

1,000 square miles, ordinarily the run-off

is insufficient to maintain a permanent

stream.
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Between the Waconia moraine and Spiritwood there are no m
features. From Spiritwood westward for a dista

Spiritwood. 48 miles no distinctly morainic ridges ars visi'hlo

Elevation 1,,500 fee

Population 264.*

St. Paul 333 miles.

the train, but it is believed that the various ridges

inor

north and south of the railway.

m

terminal
right to Pingree and Devils Lake, and another to the left do^vn the

James The
Jamestown. country is so thoroughly covered with glacial drift

iUin

Elevation i,4M feet, that the Underlying rocks are not visible alonff the
Population 4,358. -i -1.-11 °
St. Paul 344 miles.

railway, but deep d
general on the upland the drift is merely sufficient to

conceal the rocks below, and in some of the larger stream valleys it is

more than 100 feet deep. This indicates that the valleys of such
streams as James River were in existence before the glacial epoch, that
during the occupation of this region by the ice they were deeply filled

material

material

Jamestown
Hospital

Cretaceous

to be the Dakota sandstone, at the base of the Upper Cretaceous. The
top of this

mile

ture,

We;

Creek

wu is aerricul

follows the valley of Pipestem
mis pomt the mam valley foil

grce and Devils Lake comes in

small

miles
ravme there are manj

composition of the drift

may be seen. In this
vicinity the railway is supposed to cross parts of the Antelope moraine,
but nothmg resembUng a definite ridjje is in sicrhtO^ — --* ^^x^

* The mileposts about Jamestown are
confusing, as the last one to be seen as the
train enters the yards, nearly a mile east
of the depot, is 99, and the one mentioned
above, where the branch leaves the maiu
line and turns rtr\ ViTi^aff^m Ti-firil' ^L, c\A

Evidently about 7 miles has been dropped
out of the count, but the figures given for
each town in the side notes in this bulle-
tin represent the distances from St, Paul
that are given in the Northern Pacific
Railway folder for 1915.
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^-^ t 6, p. 46) is the eastern

Missouri,^ which is ment
in

Eldridge.

Elevation 1,563 fee

Population 161.*

St. Paul 351 miles.

of the country. Doubtless in passing across the
country on foot or with a wagon train the Coteau
loomed up as a formidable obstacle, but the railway
traveler of to-day, unless his attention is particularly

directed to it, would probably cross it without reahzing that it is a
prominent topographic feuLuie.

At milepost 103 the train begins the ascent of the east front of the
Coteau, and it reaches the summit just east of "Windsor. A compari-

son of altitudes shows that this summit is almost ex-
Windsor,

Elevation 1,864 feet.

Population 112.*

St. Paul 300 miles.

actly 300 feet above Eldridge and 435 feet above
Jamestown mountainous region a ridir

mag

feet high is hardly worth considering, hut in eastern
North Dakota a plateau of this height is of the first

comm
m

summit commands
lating plain, which is backed in the distance by the low swell of Alta
Ridge, east of Valley City.

As shown on the sketch map on sheet 5 (p. 44), a small moraine
marks the face of the Coteau north of the railroad. It is probable
that this is represented by the deep till in the summit cut east of
Windsor, but the features visible from the train are not strikingly

morainic in character.

The glacial features along the line of the railway are not well
marked, but from Cleveland nearly to Medina there are many

indications, in the form of hummocks and undramed
basins, of the morainic character of the topography.

Beyond this belt the country is gently rolling. The

scarcity of ranch houses is an indication that this

is what was formt^'ly called the '^short-grass

Cleveland.

Elevation 1,874 feet

St. Paul 364 miles.

Medina.

Elevation 1,S16 feet

Population 343.

St. Paul 373 miles.

coun

rminsr

it has achieved a very different reputation.

aspect of the country

appears to be distinctly morainic in character, but no definite ridge

^ Coteau is a French term siguifying a

small hill or hillock. In the northern

part of the United States it was generally

applied by the early French tmvelers to

a range of hilla or to the escarpment form-

ing the edge of a plateau. Such an escarp-

ment is usually dissected, so that at a dis-

tance it resembles a range of hills. The

Coteau des Prairies and Coteau du Mis-

souri are escarpments of this character.
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can be seen from the train. The tracks cross the Gary moraine (see

sketch map on sheet 5, p. 44) a short distance west
Crystal Springs, ^f ^j^jg town, but as the railway follows an old outlet
Elevation 1,802 feet, channel, the moraine, as seen from the train, does not
Population 216 * '

^. i i
• x am

St. Paul 382 miles. appcap to be particularly promment. A mile or so

to the left (south) of the track the moraine is strongly

developed, consisting of a ridge at least 125 feet higher than the

plain on the west. The gravel showing in big pits near Ladoga
is outwash material from the front of the ice when it built the

moraine.

Beyond Crystal Springs the country is drift covered but generally

flat. This topography contmues to Tappeii; a flour-
Tappen. ishing village in a belt of good fanning land. Seem-
Eievaiion 1,789 feet, ingly the glacier in passing over this country had

St. Paul 389 miles. little cffect cxccpt to smooth off and fill up most of

the irregularities in the old topography.

In the vicinity of Dawson the most pronounced geologic and

topographic feature is the Altamont moraine^ which was produced

by the Wisconsin ice sheet at the time of its maxi-
Dawson. mum extension. As shown on the sketch map on
Elevation 1,771 feet, shcct 5 (p. 44). there is a great reentrant ande in
St. Paul 394 miles. \ V . t x j--r»- i . i .

this morame almost due east oi Bismarck, at about

the place where it is crossed by the Northern Pacific Railway.

Owing to this reentrant the moraine trends parallel with the track

and is visible for several miles. West of Dawson there are heavy
deposits of drift which probably belong to this moraine. They
are especially prominent in a cut a mile long between mileposts
147 and 148.

The same rolhiig topography occurs in the vicinity of Steele

Q 1,880

on 500.

402 mi

and as far west as the western margin of the

daiit aboutg^
Steele- moraine. Outwash

^^^- Steele, as is indicated by the hills of gravel and
)s. by the pits from which the railway has procured

gravel for ballast.

At Driscoll (see sheet 7, p. 54) is the highest land that is crossed
by the Northern Pacific Railway east of Missouri River. Near mile-

post 163 an old drainage channel, including a chain
of shallow lakes, crosses the moraine obliquely in a

Elevation 1 895 feet. Southwesterly direction. West of this gap and north
St. Paul 413 miles.

"

Driscoll.

moraimc

tance.

ridge which extends to the northeast for a long dis-
Beyond DriscoU the railway gradually descends to Missouri

which in the early days was the great hijjhway to the north-
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explored by Lewis and Clark.^

^ One of the most note^worthy explora-

tions that "was successfully carried out in

the nineteenth century was that of the

headwaters of Missouri and Columbia
rivers by Meriwether Lewis and William

Clark in the years 1804-1806, and as the

Northern Pacific Railway follows in a

general way a part of the same route and is

the indirect result of their efforts it seems
appropriate to give here a brief sketch of

thoroughly

undertaken Clark was selected by Lewis

as joint head of the party. Soon after hia

return he was made Indian agent for

Louisiana, with headquarters at St. Louis,

and on February 27, 1811, he was ap-

pointed by President Madison brigadier

general of the militia of Louisiana. On
July 1, 1813, he was made governor of

Missouri, an office which he held until

the Territory was admitted to the Union
the expedition and of the commanders, in 1821. In May, 1822, President Monroe
It is so easy now to cross the continent appointed him Superintendent of Indian
in comfort and even in luxury that the

difficulties and hardships of such a jour-

ney in 1804 can not readily be realized.

Meriwether Lewis was born August 18,

1774, near Charlottesville, Va., of one of

the distinguished lamilies of the State.

He had been for two years the private

secretary of President Jefferson and was
serving in that capacity when he was
selected by the President as commander
of the exploring expedition to the Pacific

coast. Upon the completion of his long

trip Capt. Lewis returned to Washington,

but soon afterward (Mar. 3, 1807) he was
appointed governor of Louisiana andde-
parted for St. Louis to assume the duties

of that office. These occupied his atten-

tion for two years, when he again found it

necessary to visit Washington. He first

planned the trip by water, but after going

as far down the river as Chickasaw Bluffs

(Memphis) he changed his mind and
started east across the country. On the

way he committed suicide or was mur-
dered October 11, 1809, in Lewis County,
Tenn.

William Clark was born in Caroline
County, Va., August 1, 1770. He had a
number of brothers and sisters, of whom
George Rogers Clark, an elder brother,

achieved distinction as a military com-
mander. "WTien William Clark was 14

years old the family mo\'ed to the place
then called the Falls of the Ohio, now
Louisiille, Ky. The town at that time
consisted merely of a few cabins clustered

around a fortification which had been
erected by Clark's elder brother. When
the exploring trip to the Pacific coast was

Affairs, and he held that post until his

death at St. Louis September 1, 1838.

His funeral was the most impressive that

had ever been held in that city.

WTien Thomas Jefferson was inaugu-

rated President of the United States, in

1801, our country did not extend west of

Mississippi River, and already much fric-

tion had arisen between Spain and the

United States regarding the navigation of

that stream. Jefferson fully realized that

for the complete development of the Mis-

sissippi Valley it was necessary that we
should control the mouth of the river.

Accordingly he began negotiations with

Spain for the purchase of New Orleans

and the Floridas."

Louisiana was originally a French pos-

session through the discoveries of La Salle.

It had been an expensive and troublesome

province for France and for this reason it

was secretly conveyed to Spain in 1762.

In the year 1800, however, it was by an-

other secret treaty ceded back to France.

It was therefore a surprise to our negoti-

ators to find that it was France and not

Spain with which they would have to

treat.

At the time negotiations were opened

Napoleon was expecting a declaration of

war by England and the seizure by her of

the mouth of the Mississippi. This threat-

ened his supremacy in America as well bb

in Europe, and in order to anticipate this

move he decided to cede to the United

States not only New Orleans and the Flor-

idas but the entire province of Louisiana,

which was an empire in extent. Out of

it has been formed the States of Arkansas,
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The Tillage of Sterling is situated at the outer border of the Alta-

mont moraine, at the western limit of the great ice sheet that occupied

Sterling.

Elevation 1,834 feet

Population 198 *

St. Paul 421 miles.

this region in the last stage of the glacial epoch.

Below it and stretching far to the west is a plain

which was formed of clay, sand; and gravel that were
accumuhited by the ice and swept along to its outer

margin. From Sterling may be obtained an extended
view of the outwash plain, toward the south, and far beyond the more
rugged country bordermg Missouri River.

Missouri, Iowa, Nebraska, North Dakota,

and SoLitli Dakota; nearly all of Louisi-

ana, Oklahoma, Kansas, Wyoming, and
Montana, about one-third of Minnesota,

and one-third of Colorado. The treaty by
which all of this territory was acquired

was executed in Paris April 30, 1803.

The compensation was $11,250,000 and
the assumption by the United States of

the "French spoliation claims,'- 'estimated

to amount to $3,750,000. It is an inter-

esting fact tliat some of these claims are

still in process of adjudication.

The extent and boimdaries of the prov-

ince of Louisiana were never definitely

stated. In the treaty the territory was
described merely as being the same as

that ceded by Spain to France by the

treaty of San lidefonso. From this it

appears that the territory sold to the

United States comprised that part of the

drainage basin of the Mississippi which
lies west of the ri\'er, -s^ith the exception

of such parts as were then held by Spain.

The lack of precise definition was not

objected to by the American commission-

ers, as they probably foresaw that it might
prove of service in future negotiations

with other powers.

At that time all the territory on the
Pacific coast now included in the State of

California was claimed by Spain, and the
great region later to be embraced in the
States of Oregon, Washington, and Idaho
was a sort of no man's land. Subse-
quently, in treating with Great Britain

regarding the northern boundarj^ of the
United States, this region was claimed by
the United States on three grounds: (1)

Discovery and occupation, (2) Louisiana
purchase, and (3) cession from Spain. At
first none of these claims were recog-

nized by Great Britain, and by the treaty

of peace in 1818 it was agreed that the

country immediately south of the forty-

ninth parallel and west of the ^' Stony''

(Rocky) Mountains should remain open
to both parties. In 1846 the Wel.)ster-

Ashburton treaty with Great Britain fixed

the northern boundary of the United
States west of the Rocky Mountains at the

forty-ninth parallel as far as the Strait of

Fuca, and thus Oregon, Washington, and

ing to this country.

recoemz

an
pedition was planned by President Jeffer-

son ^'to explore the Missouri River and
such i>rincipal streams of it as, by its course

and communication with the waters of the

Pacific Ocean, whether the Columbia,
Oregon [another name for the Columbia],
Colorado, or any other river, may offer the
most direct and practicable water commu-
nication across the continent for the pur-
pose of commerce." After recei\'ing the

requisite instnictions Capt. Lewis left

Washington July 5, 1803, and proceeded
to Louis\-ille, where he was joined by
Capt. Clark. They arrived at St. Louis
in December, but found that the Spanish
commandant of the province, not ha\'ing

received an official account of the trans-

fer, was obliged by the general policy of

his Government to prevent strangers from

temtorJ^ The
party therefore camped on the east side

'assmg throu":h Soanish

or tne Mississippi, where they passed the
winter in making the necessary prepara-
tions for setting out early in the spring,

but they did not leave until after the
cession of Louisiana had been formally
announced.

The party when it left St. Louis com-
prised, besides the two officers, nine young
men from Kentuckv, fourteen soldiers of
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ash plain

of flax, wheat, oats, and barley and supports a thriving farmmg com-
munity, the center of which is McKenzic, the junc-
tion point of a branch line of railway running south
to Linton, 45 miles distant. West of McKcnzie the
railway follows dovni Apple Creek to Missouri River.

McKenzie.

Elevation 1,725 feet.

Population 191.*

St. Tdul 427 miles.

mu
greater than that of even larger streams in the vicinity/ indicates
clearly that at some time in the past this stream must have been

the United States Army who had volun-

teered their services, two French water
men, an interpreter and hunter, a black
servant belonging to Capt. Clark, and a
corporal, six soldiers, and nine water men
who were to accomj^any the party as far

as the Mandan villages.

The party finally embarked on the mo-
mentous voyage of discovery up Missouri
River on May 14, 1804. The letter from
Tresident Jefferson instructed them to

gather information on a great variety of

subjects, including 'Hhe soil and face of

the country, its growth and vegetable
productions; the animals of the country,
and especially those not known in the
ITnited States; the mineral productions
of every kind, but more particularly

metals, limestone, j^it coal, saltpeter, sa-

lines, and mineral waters

canic aDnearances: and cl

vol-

They
were particularly advised to cultivate

friendly relations with the Indians and
to make exhaustive notes regarding their

habits and customs, their family and
tribal relations, and the extent and lim-

its of their territorial possessions. They
carried out these instructions so fully

that the summer passed and the au-

mn
the IS^'orth Dakota region. By October 26
the weather had become so severe that
they went into winter quarters 7 or 8

miles below the mouth of Knife River
and 50 miles or so above the present town
of Bismarck. Tlero thoy built a stockade

which they called Fort Mandan, after the
tribe of 'Indians inhaljiting this part of

the country.

They spent the winter in procuring

the scattered French and English traders

who were dealing with the Indi? on
both sides of the Canadian line. On
April 7, 1805, the permanent party, which
had been increased by the interpreter,

Toussaint Charboneau, and his Indian
wife, Sacajawea (sak-a-ja-we^'a, meaning
bird woman), again set out on their jour-

ney up the great river. They wert

beyond the range of the fur trader and
they saw no white man until they re-

turned to this region tlie following year.

All went well until they came to the

soon

Missouri

Indians After a

laborious portage around the falls they

proceeded onward, searching for a path
through the " Shining Mountains,

'

' which

masses

Their

Missouri

lumbia, but, although they had fairly

reliable information from the Indians re-

garding the headwaters of the Missouri,

they were completely at sea regarding the

source of the Columbia. For this reason

they desired very much to find Indit

guides to pilot them across the mountains.

Sacajawea, a member of the Snake tribe,

who had been captured by the Mandi

when she was a young girl and carried off

to the Indian towns in North Dakota,

hoped that she might see some of her

people inhabiting the mountain region

at the head of the Missouri and procure

necessary inf-

assis

Above Groat Falls the river swings far

to the west, approaching the mountains,

and the leaders lix)ked anxiously for signs

supplies fur the camp, in friendly inter-
j of Indians, but none could be found. To
make the matter worse, the river herean

95558**—Bull. Gll~15 4
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much larger than it is at the present time. The
m

X

'!=) Altamont moraine
Much of the clay, sand, and eravel

wn to Missouri River and swept southward by its mighty current,
it a large amount was dropped along Apple Creek^ filling the valley
a considerable depth. Since the disappearance of the ice the

stream has cut a channel in this m The
uplands on both sides of the valley of Apple Creek have only a thin
veneer of glacial drift. (See footnote on p. 54.)

srreat amount
meltin IT

Missouri

the width of its

5r. At the State
miles east of Bismarck the valley of A^ple Creek

ctanges its course and they were forced

to travel away from the mountains for a

long distance; but on coming to the three

Missouri

bered

had
fore. The expedition proceeded up Jef-

ferson Eiver to its head and crossed the

Continental Divide (at Lemhi Pass) into

Idaho, Here they met the Snake In-

dians, Sacajawea even finding her brother

and sister, but after repeated efforts they

impossible

iwn

lumliia, so they turned northward, cross-

ing the range a^ain, and followed down
the Bitterroot A^alley until on September
10 they came within 8 miles of the place
where Missoula, Mont., is now situated.

Here they turned to the left up what is

nowtnown as the Lolo trail and crossed the
Coeur d 'Alone Mountains, arriving at the
mouth of Snake River October 16. From
this point they rapidly drifted down the
Columbia to the Pacific Ocean and went
into winter quarters December 7 in a
stockade which they named Fort Clat-
sop, near the site of Astoria, Or^. They
remained here, without seeing any vessel
from which they could obtain supplies,
until March 23, 1806, when they left Fort
Clatsop on their eastward journey.
The party returned over practically the

same route to the Bitterroot Valley, where
it was divided, Capt. Lewis maklnj? his

Missoula

followed

in going to the plains to hunt buffalo, and
Capt. Clark going back to the head of

Jefferson River to recover their canoes,

which had l)een cached at that place.
Capt. Lewis crossed the Continental Di-
vide at Lewis and Clark Pass and then
made an attempt to explore the pass at
the head of Marias River (now utilized

by the Great Northern Railway), but
trouble with the Indians prevented him
from reaching the mountains, so he em-
barked on the Missouri and floated down
to the mouth of the Yellowstone, where
the two parties were to meet again on
theii* homeward journey.

Capt. Clark crossed through the Big-
hole country and, after getting the boats,
floated down Jefferson River to Three
Forks, where his party again divided,

Misso

and
others, including the faithful Sacajawea
as guide, started across the country to

Yellowstone River. They crossed Boze-
man Pass July 15, 1806, and reached Mis-
souri River at Livingston the same day.
They passed rapidly down the stream,
reaching the mouth of Tongue River
(Miles City) on July 29 and the mouth
of Yellowstone River August 3. They
were slightly aliead of Capt. Lewis and
the party wajg not united until August
12, when they all came togetiier at the
mouth of Little Knife River, N. Dak.
The rest of the joumey was uneventful
and they reached St Louis September
23, 1806.
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exceeds 3 miles,

is Fort Lincoln.

as

Imowii as the "second bottom
only militaiy

mauitained near the Canadian border between Fort Snollino- at St.

Opposite the pi^ii-HavTG. Mont
tentiarj the Northern Pacific crosses a ])ranch of the Soo Line which

asliburn

was

Bismarck.

Elevation 1,092 feet.

Population 5,443,

St. Paul 446 miles.

German chancellor. Tins town was the western
tcnnmus of the Northern Pacific Railway from

stopped bywhen all was

chief cnghiccr of the road.

the financial panic,

called Edwinton, for Edwin F. Johnson, the fin

to 1878, and was originally

Those who arc in the habit of readmg the daily weather reports
has abont as irreat

recorded.
are

summer the thermometer occasiona
more as low as 40° below zero.

The precipitation is only 18 or 19 inches a year, compared with 28
Minneapolis m the amount

the two regions.

difference in the appearance

West of the station at Bismarck the railwav skirts the eastern

steel bridge to the west side.

mile

* At present Missouri River has little

effect on the commercial and industrial

life of the northwestern part of the United
estates, hut before the construction of the
transcontinental railways it waB a most
important factor, first in the exploration
of that part of the country and second in
ita commercial development.
The country about Bisma

dan was formerly inhabited by the Man-
dan Indians. The surviving remnant of
this tribe occupies the Fort Berthold
Reserv^ation, some CO or 70 miles farther
up the river, but almost every day groups

Co., was here in 1797, and Lewis and
Clark wintered about 50 miles north of

Bismarck in 1804-5. After that date
many explorers and traders came this

way, gradually extending their opera-
tions westward until they finally OAerran
the whole region, even including the
rougher parts of the Rocky Mount-aius,

Supplies were sent to the fiu--tra-Jing sta-

tions by Ijoat up the Missouri from St.

Louis, and the furs obtained from tho
Indians found their way to the outside

world by the same route. The river at

. ^ . ^ JT that timewas a silt-laden shifting stream,
of those Indians can be seen about the just a^ it is to-day, and great difficulty

Man

station at ifandan or on the local trains of
the river branch.

The earliest recorded visit of a white
man to these Indians was that of Veran-
drye in 1738-1742, when he attempted to
cross the continent to the Pacific coast

was experienced in getting supplies to its

upper waters. The river traffic wasgreatly
stimulated by discoveries of gold in Mon-
tana in 1863, and light-draft steamboats

were employed
continued to increase

This traffic

David Thompson, of the Northwest Fur | of the Northern Pacific Railway, when



52 GUIDEBOOK OF THE WESTEKN UNITED STATES.

Tlie town of Mandan, named for the tribe of Indians that formerly

Missouri

on terml
Mandan.

Elevation 1,667 feet.

Population 3,S73.

St. Paul 451 miles.

naL coinmg irom
very few opportunities to see tlie rocks underlying the

Mand
lacking and much more

spicuous than they arc east of that place. In places about Mandan
sllo^vn

Manda
obtainin

much
and town use ponctrated

& Jamestown
of 2^000 feet. The driU probably went nearly to the Dakota sand-

stone, which furnishes artesian water farther east in North and South
Dakota, but as it did not reach that rock the exact depth of the Dakota
is not known.

In 1876, when the railway extended westward only as far as Bis-

marck, this to^^^l was a mere frontier settlement with a wide stretch

of Indian country to the west. On the west side of the river was
Fort Abraham Lmcohi, one of the important military posts of the

Although the days of Indian warfare in this vicinity had
passed, it was the starting point for many mihtary expeditions hito

the Indian country. An expedition of this kind which left the fort in

1876 was the most eventful in the history of the border warfare of the
region, as it resulted in the Battle of the Little Bighorn and the

idiate command. The Northern

time

Lnin

Pacific Railway has been built along or closely parallel with the route
followed by the troops. (See p. 71.) AlAt Mandan the railway changes
from Central to Mountain time, and the westbound travelershould set
his watch back one hour.

West of Mandan the railway follows tlie valley of Heart River, and
for the first time in North Dakota the westbound traveler can see the
hard rocks well exposed. These consist of shale and sandstone (Lance

the slow and unsatisfactory method of

boat transportation was al^andoned, so
that to-day vessels are seldom seen UDon
the muddy waters of the riv

The Missouri is one of the groat drain-
age channels of the United States. Its

total len^rth is almnt 9 400 mii«e <^nA

part above the crossin

em Pacific has a length of about I^ICO
miles. The total area drained by this
river is 527,155 aquare miles, a territorj^

as great as that embraced in the States of

New Jersey, Pennsylvania, Ohio, Dela-
ware, Maryland, Virginia, West Virginia;

Kentucky, Xorth Carolina, Tennessee,
South Carolina, Georgia, Alabama, and
Mississippi.

Although Missouri River may never
again be utilized as a means of communi-
cation and transportation, it is destined
to play a most important part in the better

fumishin_

power.

nnage
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A, BADLANDS IN THE VICINITY OF MANDAN. N. DAK.

These are not so rugged or picturesque as those to be seen farther west, where the precipitation is less

£, CRACKS PRODUCED BY THE BURNING OF A BED OF LIGNITE.-

Where a bed of lignite many feet thick burns, the sandstone or shale overlying it breaks down, forming large
Clacks through which steann and smoke issue as Ion? as the lignite is on fire.
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A.
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B.

EROSION F0RM5 OF NORTH DAKOTA.

''^'nlX^cUrelfJl7ZZ'^^^^^^^ ^'^ ^IPP- - -; -pidly b, the rain. Each
above, resembles a gigantic spon/eftsVpnPr,l, I.! -^'^1^' Producing a surface which, when seen from
reach;d a more advfn?ed stage, fh^ h l^ay be 'educe'dTo VZ". H

'^^''^P^'
^J^^-

When erosion has
and the sides are covered with the most dllfcate tracer

"'^^"'^ butte, as shown in the lower view.
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formation), partly of marine origin, and represent the bottom of the

sea that through hxtcr Cretaceous and part of Tertiary time covered

the region.^

The railway follows Heart River for some distance and then turns

to the right and climbs to the upland along Sweetbriar Creek. Here

large bowlders of granite and other similar rocks may
Judson.

]y^ seen on both sides of the track. These are par-
Eievation 1,971 feet ticulai'ly iiumerous and very largo, some as much as

8 feet in diameter, in the vicmity of Judson, but scat-

tered bowlders can be seen from the car window beyond Xew Salem.

Rocks of this kind are not known to crop out in the State, so it is sup-

posed that the bowlders must have been brought here by ice, but as

^ The rocks exposed along Mitssouri

River from the vicinity of old Fort Pierre

in South Dakota to and beyond the cross-

ing of the Northern Pacific Railway at

Bismarck dip slightly to the north or

northwest and are encountered in go-

ing up the stream in ascending order.

First is the Pierre shale, wliich consists of

a great mass of fine dark shale that carries

marine sheila wherever it has been found

from the Canadian line to New Mexico.

It was doubtless laid down when the en-

tire Rocky Mountain and Great Plains

regions were sunk below the level of the

ocean.

This formation is overlain by a coarse,

generally clean white or brownish sand-

stone, called Fox Hills, which was e\d-

dently at one time the sandy shore that

followed the retreat of the Pierre sea.

Sandstone as a rule is not good material

for the presentation of fossils, but here and

there the Fox Hills sandstone contains

marine shells and almost everyw^here the

casts of sea weeds, which now resemble

fossil corncobs. Until very recently this

has been regarded as the last formation in

this region that was laid down in sea water.

The Fox Hills sandstone is followed by
fh^ T-nnre formation, which consists of

accumulated above sea level as material

either brought down by strvania and

spread out over the even surface of the

land or deposited in lakes. This for-

mation covers much of the mountain

and plains country north of Colorado,

and in most of tliis broad area it con-

tains nothing but fresh-water material.

Recently, however, marine and brack-

ish-water shells have been found in the

upper part of the Lance in south-cen-

tral North Dakota and also along Little

Missouri River in the southwest corner of

the State, which indicate that after the

recession of the sea to the east at the close

of Fox Hills time it reappeared and

reached as far west as the Montana line.

Then at the close of Lance time the f

again disappeared from this region, never

to return, aa all succeeding formations are

of fresh-water origin.

For many years the age of the Lance

formation has been in dispute. The f(xssil

shells and the great dinosaurs (see p. 73)

indicate that the formation is Cretaceous

in age, but the foa^il plants are Tertiary

in their relations, almost identical with

those of the overlj-ing Fort L'nion forma-

tion. Although the question is not

finally settled, it seems probable that the

beds. Few I Cannonball member of the Lance forma-

shells occur in the Lance, but those that

part

area are fresh-water forms. presence

of many coal beds (composed of vegeta-

tion that once grew on the land and was

buried in swamps) and of fossil leaves and

tnmks of trees in the sandstone and shale

shows clearly that the Lance formation

tion is Tertiary and that the Cretaceous

fauna which occurs in it is merely a Bur-

vi\ing remnant of an old Cretaceous fauna

which formerly lived in the open sea but

which as this sea became more and more

restricted and eventually indexed by

land preserved its old form even into Ter-

tiary time.
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Missour

rut accompanies them^ they are

invasion than that wliich brouof

most of the clay in

coarser material.^

east

lisnite mine

number
New Salem.

gnite mined

Elevation 2,188 feet.

Population G21.

St, Paul 479 miles.

from

33.

is 5 feet thick and lies about 30 feet below the surface.^

West of New Salem, which is situated on the surface
of the upland plain, the railway goes down a small
ravme in which scattered granite bowlders can be seen

point

as far to the southwest as Ahnont.
wn

^ West of the Allamont moraine, wliicli

marks the greatest extension of the glacial

lobe that occupied the Red River valley

in Wisconsin time, there is only a thin

veneer of drift on the upland and in some
of the valleys. Tliis outer drift is not bor-

dered by any well-marked moraine, but
here and there indications of such a fea-

ture occur along its outer margin on the

Missouri In the vi-

cinity of the Northern Pacific Railway
the moraine is characterized by a low
bowldery ridge which trends nearly south
from Judson. Outside of this moraine
there is a marginal fringe of bowlders
which extend as far west as Almont.
The general thinness of the drift west of

the Altamont moraine indicates that the
material which was brought by the ice has
almost all been washed away, except the
large bowlders; and this means that a
much longer time has elapsed since it was
deposited than there has since the material
east of the Altamont moraine was laid
down. Some geologists have argued that
this outer drift represents a stage of glacia-
tion very much older than the Wisconsin

Tlie lignite bed is almost horizontal.

Kansan
assigned it provisionally

maintained
bowlders which can be seen from tlie

Northern Pacific Railway are too fresh
and nnweathered to have been dropped
here during the Kansan stage, many
thousand years ago; but the unweathered
condition of the granite is due to fh^

dryness of the climate and therefore is

not a reliable criterion as to the age of

the drift.

From all the facts at hand it is c^-idont

that the glacier which crossed Missouri

River was older and thinner than the one
which occupied the Red River valley, but
the difference in age is problematic.

^ The lignite bed is reached by a slope,

and from the bottom of the slope the

workings extend north about 2,100 feet.

It

ranges in thickness from -IJ to 6 feet and
is underlain by a bed of gray clay. Most
of the lignite produced at this mine is

either hauled by wagon to the surrounding
country and used by the farmers or

shipped by rail to the neighboring towns.
North Dakota lignite represents one of

the early stages in the transformation of

vegetable matter into coal. The products
of the various stages now recognized are

(1) wood, (2) peat, (3) lignite, (4) sub-
bituminous coal, (5) bituminous coal, (G)

semibituminous coal, (7) semknthracite,
and (8) anthracite. Much of the lignite is

woody, and frequently logs and stumps
are found in the mines. It is generally
brown, and the woody parts will bend
without breaking. The lignite of this

State, as it comes from the mine, carries

about 40 per cent of water. It will
readily dry down to 8 or 10 per cent if

stored in a dry place with good ventila-
tion, but in so doing it shrinks and falls to

pieces. This falling to pieces is generally
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mines
but now all but one of these are closed and abandoned. The bed of

lignite mined here is 7 or 8 feet thick, and in drilling

a deep well for water four other beds having thick-

nesses of about 5 feet each were found. Accordine:

feet of lignite

Sims,

Elevation 1,982 feet.

Population 86.

St. Paul 487 miles. to tlie log of this well there is 29

in beds thick enoug
work, and the lowest is at a depth of 710 feet.

Below Sims the railway follows the small valley of Hailstorm Creek
and affords no general view of the country. Just east of Almont the

valley of Hailstorm Crock Joins that of Muddy Creek,

which the railway, making a sharp turn to the right,

ascends practically to its head. This valley shows

Almont-

Elevation 1,933 feet,

St. Paul 492 miles.

excellent examples am meanders, the creek

making great loops whose ends m places nearly connect.

called slacking (from its likeness to the I at Dickinson and other towna in the State

The lignite is also difficult to

Blacking of lime, though lime slacks by
taking up moisture and lignite by parting

with it), and the process takes place

rapidly where it is exposed to alternate

moisture and dryness.

Manifestly a fuel containing 40 per cent

of water can not be shipped any great dis-

tance, as the purchaser can not afford to

pay transportation charges on so much
water.

handle on account of the slacking or

breaking up, and when stored it is likely

to ignite spontaneously by its rapid com-

bination with the oxygen of the atmos-

phere or of water. Altogether it is far

from an ideal fuel, though very useful for

domestic purposes in this treeless country.

Although lignite is a poor fuel for raiding

steam, it is well adapted to making pro-

ducer gas that can be used economically

in a gas engine for the production of

power, and probably in the future it will

be utilized largely in this way. The chief

difficulty at present is that there is only a

small demand in this thinly settled

country for power, and hence there would
be little market for the product, but it is

possible that with the growing use of

long-distance transmission lines the lig-

nite could be utilized for the production of

electric power at the mine and the current

carried to distant towns and cities or even
to ranches for utilization. Lignite has

been found to be an excellent fuel for

burning brick and is now used extensively

for that purpose.

Lignite occurs most abundantly in the

Fort Union formation (the lowest forma-

tion in the Eocene series of the Tertiary

system), which underlies almost all the

western i>art of North Dakota. It is esti-

mated that the State contains the enor-

mous amount of 697,000,000,000 short

tons of lignite in beds over 3 feet thick

and within 1,000 feet of the surface, and
it seems probable that there is workable
lignite within this limit under every

section of the land in the western part of

the State. It is difficult to form an idea

of a mass containing even 1,000,000 tons,

and hence the figures given above are

practically impossible of comprehension,

but if the amount is put in the form of a

cube a better conception of it^ magnitude

may be obtained. The lignite of the

State, if gathered into one ^lass in

thfe compact form in which it lies in the

ground, would make a cube 5 miles long,

5 miles broad, and 5 miles high. Such a

cube would co^e^ nearly a tc^vnship of

land and would be almost as high as the

highest mountain on the globe.

The lignite, although of poor quality

and at present used only in a small way,

constitutes a A-ast fuel resource which will

in time become of great value, not only

to the individual citizens of the State

but to the corporations that are seeking

power for use in manufacturing or in

transportation.
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About 11 miles from Almont, at milopost 51, there are on the right

(north) about a mile distant man^^ knobs and spurs having a bright-
red color. When examined closely the color is seen to run in more or
less regular horizontal bands, like the rock, but it is not continuous,
and in places it affects the whole hillside. This color is due to the
burning of beds of lignite, which has baked and reddened the origi-

nally dark strata on either side, as clays originally brown or gray in

color turn red when burned into brick.^

farmin

towns have sprung

Glenullen.

Elevation 2,000

Population 921,

St. Paul 509 mi]

roads Hke magic
towns

Glenullen is one of the newer

that in this region dry fanning is a success. Although
grass} m
part of the State, the appearance at intervals of bare

knobs or buttes indicates that everywh
same lignite-bearing rocks that were seen farther east, those of the
Fort Union fonnation. These rocks, when searched carefully, are
found to contain many impressions of fossil leaves which sliow that
the sands and muds, now hardened to rock, were laid down in shallow
water near a land surface upon which trees and smaller plants grew in

abundance. Where the land was swampy the vegetation was cov-
ered as it fell and in time was changed into lignite. In this part of
the country the lignite is generally concealed bv the p-rassv sloi^ns.

1 All through the lignite region and the

fields of low-grade coal of the Rocky
itountains and Great Plains the coal

beds have burned extensively along their

outcrops, the resulting red color giving a
touch of briglitnofis to some otherwise dull

and monotouous landscapes. In some
places the burning has been just sufficient

to color the shale and sandstone to a bright
red, but in others, where the lignite bed
is thicker or where more than one bed has
burned, the heat has been so intense that
the rocks have been melted into a sort of

slag or scoria, good examples of which will

be seen farther west. "WTien a thick bed
of coal or lignite bums, the overlying
material settles, and frequently great

cracks are formed, out of which issue

smoke and steam from the burning lignite

below. An example of such cracking is

shown in Plate IV, B (p. 52).

As the lignite retains much of its orig-

inal woody character it ignites readiiv

when dry, and the fires may have begun
in any one of several ways. For instance,
they may have been started by prairie
fires, by lightning, by camp fires, or even
by alternate wetting and drying, which
causes very rapid oxidation and a conse-
quent rise in temperature. The last sug-
gestion may appear improbable, but the
waiter has seen a large pile of low-grade
coal take fire after a rain and be entirely
consumed. The burning of a dump of

waste material is a common experience
at many mines, and rarely is the fire

started by man. Once started, the burn-
ing of a coal bed will continue as long as
air is available. Near the outcrop the
coal bums readily, but back under cover
the amount of air is not sufficient for com-
bustion and the fire dies out. Many coal
and lignite beds are burning to-day, and
it is possible that one may be seen in the
badlands called Pyramid Park, farther

west, near Sully Springs, N. Dak.
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manJ The fossil

plants of the Fort Union formation indicate very different conditions

during the Eocene epoch from those which prevail to-day. A brief

sketch of the flora^ together with an interpretation of its meaningj is

given below by F. H, Knowlton.^

The railway gradually ascends the valley of Muddy Creek, and if

the traveler is not looking carefully he wiQ cross the divide and
Knife

which he has boon travelinc: from Ahnont
oems

probable that originally the drainage from the vicinity of the summit
at Antelope came into Muddy Creek, but that some change has

drain

ward into Knife River. details of this chang

' As the traveler rides mile after mile

over the almost barren plains of Dakota
and eastern iloiitana and sees tliem shim-

mering in the heat of midsummer, witli

only an occasional cottonwood or box
elder along the streams or sprawling,

stunted junipers on the rocky slopes to

relieve the monotony, he finds it difficult

indeed to realize that this countr}^ once

supported a vegetation as luxuriant and
varied as that now growing in any of the

Southern States. However, it will re-

quire only a brief examination of the

rocks to convince him of the truth of this

statement, as they contain in many places

the remains of vast numbers of branches,

leaves, fruits, and even a flower here and
there. Fossil remains have aptly been
called the ilhistrations in the world's his-

tory, of which the pages are the layers of

rock forming the outer part of the crust of

the earth. It is the purpose now to look
at a few of these illustrations and by this

means restore in imagination the ancient
vegetation.

Fossil plants are very abundant in the
Fort Union formation and are found in the
sandstone, in the harder concretions or
lenses, and in the clay between the sand-
stone beds. Most of them, especially
those in clay, are preserved with remark-
able fidelity. About 300 specie^ have
been described, and it is probable that

'im

500 or more species.

Beginning with the plants of the most
simple structure, we may first consider

the ferns. One of the most abundant and
widespread forms, ha^-ing been found at

hundreds of localities, is the beautiful

sen;=itive fern Onoclea. This can not be
distinguished from the living species,

which now grows so widely over eastern

North America. There is also a chain
fern (Woodwardia) very closely resem-
bling a Ii\ing species, and numbers of

others that are more or less closely related

to forms now growing in the Eastern
States.

The conifers, though not numerous in

species, were very abundant and were of

the types that must have been of rather

imposing appearance. The most abun-

dant form is a redwood (Sequoia) that is

very closely related to the redwood which
is now confined to the coast regions of

California. There was also another

Sequoia nearly related to the big trees of

California, but it was not so abundant as

V

the other form. cypress

(Taxo<lium) that must have been much
more beautiful than the common cypress

of our southern swamps. There was also

a cedar (Thuya),with delicate juniper-like

foliage, that must have been very numer-

ous, as its fossil remains are widespread in

the Fort Union formation. In

contrast to these conifers is what appi-irs

to have been the immediate ancestor of

the celebrated ginkgo, or maiden-hair tree

strange
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worked out, but it was doubtless caused by glaciers wbicli crossed

Missouri River and extended to the southwest as far as this valley,

damming the streams and compelling them to find new outlets.

Hebron, one of the new towns of western North Dakota, is the

center of a prosperous agricultural district and is noted for the

manufacture of fire and pressed brick, the clay for

which is derived from the Fort Union formation*

The bed of clay utilized is at least 50 feet thick.

Beyond Hebron the railway follows the broad, open
valley of Knife River to its head, where there is a

steep climb to the summit of the dividing ridge between that stream

Hebron.

Elevation 2,180 feet.

Population 597.

St. Taul 522 miles.

Antelope.

Elevation 2,435 feet.

St. Paul 531 miles.

and Heart River on the southwest. The highest

point is reached a short distance beyond Antelope,

where a good view; can be obtained of the upland
surface of this part of North Dakota. The surface

is gently undulating, but hero and there on the principal divides

there is a high knob that has not been reduced by erosion to the

general level. The sides of these knobs are generally bare, and they

have been sculptured by the rain, the frost, and the wind into most
beautiful and intricate forms. (See PL V, p, 53.)

of China and Japan. The ginkgo has had

in many ways a more wouderful geologic

history than any other tree now living, as

Arctic regions over most of the globe, but
since that time it has been gradually

dwindling until it is now represented by a

it has come dowji to us practically uii-
[
single living species in Japan and China.

It is regarded as a sacred tree in the Far
East and as such is planted about the tem-
ples and sanctuaries, but there is great

doubt as to its existence in a truly wild

state. It is not likely to become extinct,

however, for its fascinating history and
curious fernlike foliage (see fig. G) have
made it of so great interest that it has been
extensively planted in many parts of the
world, notably southern Europe and east-

ern United States. It is a familiar shade
tree on the streets of Washington, D. C.

Among the so-called higher flowering

plants there were many grass and sedge-
like plants during Fort Union time, but
none that were very conspicuous or other-

remarkable. Other monocotyledon-
ous plants included a fan palm vnth leaves

that must have been 5 or 6 feet across,

which once grew along the lower reaches
of Yellowstone River in Montana, as

shown on Plate XI, B (p. 75).

The plants with deciduous leaves (dico-

tyledons) flourished in great numbers in

Fort Union time, as they do now. They

Figure 6.—GIntgo leaf-

changed from earliest Mesozoic time. It

apparently saw its heyday during what is

known as the Jurassic period (see table on
p. 2), when it was widely spread from the

wise
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West of the summit the surface descends to Richurdtoiij the largest

town between Mandan and Dickinson. This towai has grown up as

Richardton.

Elevation 2,487 feet.

Population 647.

St. Paul 336 miles.

a result of the success of dry farming. It is attrac-

tively situated on the rolling upland plateau of

western North Dakota and has abundant supplies

of clay and lignite ready to be utilized in the building

of a large town.

From Richardton the railway winds through a gently rolling

country and gradually descends to Heart River, wliich is reached
at the village of Gladstone. Here the railway is in

the same valley that it left a few miles west of Mfin-'

S.7.unr? ^an, but the climb out of the valley and the descent
back ill again saved the railway several miles of

track, although it involves some rather heavy grades.

The valley of Heart River is comparatively narrow and is bounded
by steep bluffs in which the rocks of the Fort Union formation are

well exposed. At the Utile village of Lehigh (see

sheet 9j p. 64) a lignite mine has been in operation

st!rau?l4'mne^^ ^^^ ^ numbcr of years. The bed of hgnite, which is

from 6 to 7 feet thick, Hes horizontal and is reached

included trees of many kinds, shrubs,
[
hard\TOods, interspersed with scattered

vines, and probably herbs of more humble
|
conifers and ginkgos. From the presence

growth. Among the trees one of the most
abundant types as regards kinds as well

as indi\'iduals was the poplar (Populus).

These were of an ancient type, with small

rounded or heart-shaped leaves, and were

most closely related to the living quaking

aspen

.

known.
Of the willow several species are

Oaks of several kinds were pres-

ent, as well as two species of hazelnut,

both of which are still living in the eastern

United States and Canada. Walnut,

allied to our common black walnut, was
present, together with sycamores so like

iffi

spec

ulty. Figs were present, though not

so numerous in North Dakota as they were
in other areas where the same formation

prevails, notably in Colorado. There
were also elms, maples, birches, alders,

dogwoods, hickories, box elders, buck-
thorns, viburnums, wax berries, witch-

hazels, horse-chestnuts, bittersweets, and
many that are without common names.
From this abundant flora it is e\ident

that what is now an almost treeless plain

was then covered with snlendid forpstq nf

of numerous and in many places thick

beds of lignite it is clear that there were
great swamps, and that these must have
continued with but little change for long

periods of time. It has been estimated

that the product of heavily timbered

woodland, when compressed to the spe-

cific gra\dty of coal, would only amount to

about one-fourth of an inch in thickneee

diuin|; a century. If this statement is

even approximately correct, it is easy to

calculate that a 4-foot bed of coal must

have required about 20,000 years for its

accumulation.

Except for the presence of palms and an

occasional fig, it might be presumed that

the climate was not greatly different from

that now prevailing on the Atlantic slope

of North America—that is, cool temper-

ate. The palms which are found in the

lower part of the formation imply, so far

as the present distribution of palms indi-

cates, a somewhat warmer climate, just

aa the numerous thick beds of lignite

throughout the formation imply long-

continued marsh conditions.
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by an entry driven into the hillside. The workings extend 2,000

feet or more into the hill, and the lignite is brought to the tipple in

cars hanled by horses.*

miles west of Lehirfi is Dickinson, a district terminal

mid farms

W
Dickinson. *

Elevation 2,430 feet.

Population 3,678.

St. Paul 561 miles.

N. Y., a former State senator and an enthusiastic

advocate of the value of the country west of Missouri

Rivor, The clay beds worked near Hebron are well

developed along the valley of Heart River in the

vicinity of Dickinson and are extensively worked a mile south of the

to\\'n- The clay manufactured

and fire brick near the railway just east of the town.

The valley of Heart River is broad and shallow, and few exposures

of rocks are to be seen in it, but here and there the bare side of a butte

or a freshlv cut ravine shows the yellowish sandstone or a bed of

lignite of the Fort Union formation.

The climate of the region about So

extremes in temperature, the mercury or 40"^ below

South Heart.

Elevation 2.499 feet.

St. Paul 571 miles.

zero in the w^inter to 100 more
emes

more humid climate. The total precipitation for

the year in the part of this region west of Missouri

leavino; only 8 or 10 inches for

^arly half of this fa]

the growing season Formerly this

amount of rain was considered entirely inadequate for agriculture,

but in the last five or six years it has been demonstrated that good
crops of grain can be obtamcd here about three years out of four,

if the ground is properly treated. This discovery has changed the

activities of the country from stock raising on the open range to the

cultivation of grain and the consequent fencing of the country into

160-acre or 320-acre tracts.

^The lignite as it cornea from the mine
contains about 42 per cent of moisture,

but on drjnng parts with m<^t of it, the

percentage being reduced to about 10.

The compodtion of an average sample of

this lignite after it had been dried at a

temperature of 86^ to 95° F. until the

Bample attained a constant weight ia as

followa: Moisture, 9.1 per cent; volatile

matter, 38.2 per cent; fixed carbon, 42.1

per cent; ash, 10.6 per cent. Its heating

value is 9,640 British thermal units. A
Briti-h thermal unit id the amount of

heat required to raise 1 pound of water
1^ F., or it may be considered as the ratio

of weight of coal burned to the weight of

umino;

of the coal. iin

raise

temperatme o

Coals range in their heatin» value from
>iin

500

British thermal units, a value shown by
the best Pocahontas and Xew River coals

of West Virginia.
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The railway rises steadily up the regular slope by Belfiold to the
divide between Knife River and Little Missouri River. The valley

Belfield.

Elevation 2,603 feet.

MlSSOUl

to account

St. Paul 5S1 miles. '
distinguished people who inhabited it in the days of
the open range, when the ''cow puncher" was in his

glory. Col. Theodore Roosevelt resided for a number of years on a
ranch in this valley about 20 miles south of the railway, and here he
acquired that knowledge of and sympathy for the free Ufa of the
plains that has so endeared him to the western people.
Fryburg is situated on the summit between the drainage basins of

Knife River and Little Missouri River. The descent to the Little

Fryburg.
Missouri is made through a maze
stand out in striking contrast to the gentle rolling

^^!^- surface of the upland cast of the divide. Little Mis-
st. Paul 587 miles. souri River has cut its valley about 500 feet deep, and

all its tributaries have made similar sharp cuts in the
upland, so that the main stream is bordered by a belt of rough coun-
try from 10 to 15 miles in width. As the early French explorers and
traders had difficulty in crossing these belts the}' called them "mauvais
terres a traverser" or bad lands to cross. From this has come the
common appellation ''badlands."

The cliange from the grassy upland east of Frj^burg to the badlands
of Pyramid Park on SuUy Creek is very abrupt, and the traveler is

hkely to be bewildered by the seemingly endless
SuUy Springs. variety of form, arrangement, and color. There is

S'paSSiir* ^^^ apparent lack of plan in the arrangement of the
forms, as if some giant hand had fashioned these mon-

uments and then strewn them about without plan or purpose. Views
of the badlands are shown in Plates VI-IX. The natural color is a
somber gray, but this is enlivened by bands and splotches of red where
beds of lignite have burned. In some places, as at Scoria siding, the

burning has been so intense that aU the rocks are deep red and huge
blocks of half-fused material are abundant. From the evidence on

m
most

but it is probable that the burning took place so slowly that the gen-
eral temperature was no greater than it is to-day. It is reported that
one of the lignite beds is now on lire at no great distance from the

track. If the traveler should come this way on a hot day in August
he might weU believe that he felt the added heat of the burning lignite,

for there is no place hotter than badlands of this character on a hot
day, but a cold day in winter would give him a different impression.
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XXI viic uauiuiius liuiiiy ueas oi iigmio can oe seen outcropping as
black bands along tlie faces of the buttes and ''temples/ ' and petrified
stumps and logs are especially abundant about Sully Springs and near
the lower end of the valley. (See PI. VI, A.) The reason why
of the stumps and logs are petrified is that when the trees fell they
were covered by mud before they could decay and for ages were soaked
with water charged with sihca. This silica replaced the vegetable

some

b

mmute structures
that it is possible to tell to what kind of tree the wood belon^^ed. The

forests of that day.
composin.

point

^ ' Medora

The river

Medora,

Elevation 2,290 feel

St. Paul 601 miles.

flows here in a deep, nigged canyon, which seems to

which
ment The village was founded in the early eighties

name
ermncnce

which can he seen on the left (south) from the passing train. The
marquis evidently expected that Medora would become a busy center,
for he built a large packing house, the remains of which can be seen on
the right. He left the country and met a tragic death a few years a^o
in the Far East.

^ ^

There are two prominent beds of hgnite m the bluff at Medora one
40 feet above river level and the other 30 feet higher. The upper bed

bottom
with 3 inches

Alter crossiiig the river the road follows Andrews Creek and cUmbs
to the upland m about 16 miles. For most of this distance the rocks

formation

(See PI VII, B,)
:nite that were seen at Med

^ The log of a deep well at ifedora, sunk
by Ihe railway company for water, records
the occurrence of a lignite bed 23 feet
thick at a depth of 120 feet. Although
beds of lignite from 8 to 9 feet thick are
known farther up the river at nearly the
same depth and may extend under the
town, too much confidence should not be

Icn

driUera

always careful to distinguish dark shale
from lignite. As reported in this log,
there is altogether 29 feet of Ugnite in beds
3 feet or more tliick.

^

The lignite here has been mined only
for local use, but when improved methods
for the utilization of this kind of fuel have
been devised, the canyon of Little Mis-
souri River will offer exceptional oppor-
tmuties for nhfian mim*T^r> <^^ « i«««« «^^i^
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A. StUClFlED STUMP IN PYRAMID PARK. N. DAK.

A remnant of one of the big trees of the Fort Union forest, now a mass of stone resting on a pedestal cf soft
clay. Photograph by Haynes, St. Paul, Minn.

B. THE "PROW OF THE BATTLESHIP." ONE OF THE BUTTES OF PYRAMID PARK, N. DAK.

Kote the concretions which weather out of the sandstone and cover the ground long after the main mass has

been removed. Photograph by HayneSj St. Paul, Minn.
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A. VIEW OF THE BADLANDS OF NORTH DAKOTA.
Away from the main stream the small side branches and headwater streams are just beginning to cut into the

level upland. The wealth of detail in such natural sculpture is beyond description.

4
n 1-

A
."^ _ —-^ ,,c -">Hft-'

^^!^

B. A BED OF LIGNITE 15 FEET THICK IN THE CANYON OF LITTLE MISSOURI RIVER, N. DAK,

Some of the beds are as much as 35 feet thick.
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A.

B.

VIEWS OF THE BADLANDS OF WORTH DAKOTA.

As shown in the upper view, fantastic shapes abound in every valley and ravine. In places flying buttresses
support the slender columns and gargoyles may be seen projecting from beneath the roof. Even with the
scanty rainfall of this region, every streann has carved for itself a channel—great ones for the large streams and
small, almost infinitesimal ones for the tiny rivulets that trickle down the slope—as shown in the lower view.
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A.
B.

a
D,

VIEWS OF THE BADLANDS OF NORTH DAKOTA AND MONTANA

ledge of
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m
on the left (south) that stands far aboye most of the other surface

features. This is known as Square Butte. An irreg-
Sentinel Butte.

^^^^^ two-crested butte, which is about as high as
Elevation 2,731 feet. Squarc Butte and visible on the rijrht (north) , is called
Si. P*nil fil 7 milfts ^^

Camels Hump. The most prominent and best kno^vTi

of the high knobs in this vicinity is Sentinel Butte, which has an
altitude.of 3,350 feet, or 620 feet above the tow^i of the same name,
and is the highest pomt of land in North Dakota. These buttes

are composed mainly of the Fort Union formation, but they are

capped by a thin bed of shale that is supposed to belong to the

Wliite Eiver formation, of Olitmr^pnf^ ao-e. The land about the base'&

of Sentinel Butte was a few years ago only a sagebrush plain, but is

now clividea into larms that m
older farming regions farther east.

Beach (see sheet 10, p. 68) is one of the towns that have recently

grown up as a result of the successful farming of this

region. West of Beach the railway crosses the State

line into Montana, a little west of milepost 176, The

Beachy N, Dak.

Elevation 2,779 feet.

Topulation 1,003.

St. Paul 626 miles.
SIOTI

the left of the track.

The State of Montana has an area of 146,572 squarc miles, or a httle

more than that of the States of New York, New Jersey, Delaware,
Pennsylvania, and Oliio, It was admitted to the

Montana. Union in 1889 and according to the census of 1910 had
a population of 376,053. Montana has long been

known as a metal-producing State, and many have thought of it as

being entirely mountainous and as suited only for mining. As a
matter of fact, the western half alone is mountainous; the eastern

half, an area nearly as large as North Dakota, is in the Great Plains.

Although placer gold was discovered in Montana in 1852, it was not
until 10 or 12 years had elapsed that the ''gold rush'' began and the

outside world was made acquainted with the wondrous wealth of its

mountain gravel. Many persons starting for the new gold diggings

stopped in the more promising valleys, such as the Gallatin and the

Bitterroot, and farming began almost as soon as the panning of gold.

The mining industry of the State has passed through a number of

changes from placer mining to lode mining of gold and silver and,

finally, of copper as the leading metal. Before the development of the

great copper mines at Butte, Michigan was the leading State in the

production of copper, but it soon gave place to Montana, which fi^r a

number of years stood at the head. Recently Arizona has forged to

the front and Montana has dropped to second place in the rank of

copper producers. Despite the fact that Montana ranks second in
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the amount of copper produced annually, it still is first in the total
amount produced. The total for the three leading States up to the
close of 1913 is as follows: Montana, 3,214,775 tons; Michigan,
2,759,721 tons; Arizona, 2,324,719 tons.

At first agriculture flourished only in the mountain valleys, where
there was protection from the frost and the wind, and the plains
portion of the State was devoted to the grazing of stock. Immense

held fu-st place in the number o
shipped out of the State. Irrigat

of the valleys, and large crops of i

are now being raised. The most

number of years Mont

many

»
mer

land in the eastern and central parts of the State. This has mate-
rially decreased the number of live stock, and in the sheep industry
Montana has dropped to second place, Wyoming taking the lead.
Dry farming has not been universally successful, but sufficient has

feasible

over years of droxiglit and crop failure.
^

farm

imDor
amouiitmor

Probably few persons reaUzo that the value of manufactured articles

case. The
mines

„^^^ ..x..x.iix«,,.„uii-,^i ^jiuuuub IS nut given m tne census
reports. It is, however, roughly the same as the output of the mines.
Aside from the manufacture of copper, the leading manufacturing
industry is that of lumber and timber, which in 1909 amounted to
oyer $6,000,000. The values of the products of the State, exclusive
of the copper smelted and refined, are about as foUows: Manufactur-
ing (1909), $73,000,000; mining (1913), $69,000,000; agriculture,
(1909), $63,000,000. '

' .
b

The country continues to be roUing to the valley of Beaver Creek,
tributary of Little Missoui

Mont
mi

district. Four mUes west of Wibaux the railway

ToXZnS!^'- ^''.''^1 ^^^^ ^^^™it between the drainage basin of

St. Paul 636 miles. f^ittle Missoun RivcF On the cast and that of Yellow-
stone River on the west, and then begins a long de-

scent down Glendive Creek to the Yellowstone. This valley was a
famous hunting ground in early days, and the name Glendive was
applied to It by Sir George Gore, an Irish nobleman, who hunted
bultalo here m the winter of 1855-56.
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which
Steadily toward the southwest .as part of a broad and gently curved

more

Medo
brings to the surface

on page 68. The rise of

Missouri River at that place, but the country is so generally grass

them

formation, and may
m

which are scarcely distinguishable from

under Medora. The rocks below this

from Hod
formation, in which the vail

to

ges to Yellowstone River. In r^ost places the valley is

Dounaea oy bare walls of somber-colored rocks and subdued bad-
lands, but they are neither so imposing nor so picturesque as those
of Pyramid Park. The Lance formation carries some beds of lignite,

mme

far as Yellowstone River. Al
valley walls

Allard.
topographic forms are the same, but there is a simi-
larity of type and color that soon becomes extremely

S^pSSiS?' monotonous. There are, however, some weU-defined
terraces which in a measure tend to relieve the dull-

ness of the landscape. The upper terrace probably records an epoch
when the stream was flowmg at a higher level than it is to-day, these
terraces being remnants of the old valley floor. The lower terraces,
which are well developed near the river, may record flood stages of
the Yellowstone, when slack water from the river backed up into all

the tributary valleys and caused sand and mud to be deposited.
At milepost 213 the train swings out from the mouth of Glendive

Creek into the broad valley of the Yellowstone and in a few minutes
reaches Glendive, the end of the division, the county

Glendive.

Elevation 2,091 feet. in Castcm Mont
Population 2,428.

Coimty

mam
St. Paul 667 miles. i'^ortnem racmc JXailway m 18/9-80 tins was the

most important town between Missouri River and
Helena, for it was the point from which construction was carried on
in both dhections. Tliis was made possible by the transportation of

supplies from Bismarck by way of Missouri and Yellowstone rivers.

When through travel was estabUshed, however, Glendive lost most
of its importance, and for a long time its growth was slow, as the
country romidabout was but sparsely settled and its principal busi-
ness was that of a division termmal of the raihoad. Recently, with
the impetus given to agriculture by the introduction of dry-farming

95558°—BuU. 611—15^ 5
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methods

Reclamation
flocked in, and the country wliich 10 years ago was an open rancre is

from
almost all cut up into small farms This change has remove

*'cow-puncher'' of the early days.
the

imit
may

itions or caricatures, but the real article—the fearless, dare-
devil rider who was an equally fearless ^^hooze fighter'' when he came

town more them
men
At Glendive the railway route again touches the trail of Lewis and

Clark, for in their homeward journey Capt. Clark with a small party
descended Yellowstone River.^

August
determin

South of Glendive there can be seen on the left (east) badland
mu

* In the Yellowstone Valley in eastern

Montana, tributary to the Northern Pa-

cific and Great Northern railways, the

Government has built an irrigation sys-

tem to cover a strip of land 70 miles long
lying on both sides of the river and ex-
tending over the boundary Une into

North Dakota. The irritable area rnn,

the town, is crossed by the new branch railway leading to Intake and
other towns established under theLowerYellowstone irrigation project.
Still farther south the railway passes through deep cuts in massive
white sandstone and skirts a prominent pinnacle of the same rock

from 30° below to 100^ above zero. The
advantages of the valley in the way of fer-

tile soil, assured water supply, favorable
climate, low prices, and transportation
facilities make it one of the most desirable
locations in the Northwest.

^

^ The name Yellowstone was doubtless
given to the river because of some outcrop
of yellow rocks along its banks; but where
do such rocks occur? The traveler in
passing up the valley sees no distinctly
yellow rocks between Glendive and Liv-
ingston, and if he goes to Yellowstone
Park he will see none as far a^ Gardiner,
the northern entrance to the park. With-
in the park the conditions are different.
The canyon of the Yellowstone below the
falls is noted the world over for its gor-
geous display of colors, among which the
most brilliant and dominating tint is

yellow. Here is the only place on the
river where the rocks are so distinctly
yellow as to have Bu^^rested a name for

aiats of about 60,000 acres of land lying in
the midst of one of the best and largest

grazing areas in the United States.

The soil is a deep sandy loam and when
properly cultivated produces abundant
crops of hay and grain. -Alfalfa, the great
forage crop of the West, grows to perfec-
tion here, and dairying and the winter
feeding and fattening of stock are profit-

able industries.

The towns of Intake, Burns, Savage,
Crane, and Sidney are located at short in-
tervals through the middle of the area
covered by the project. Nearly all the

ernment

easy The
cost of water right is ^5 an acre, payable
in annual installments to the Government.
The general elevation is 1 ,900 feet above

sea level, and the temperature ranges

seems

As
iginated

oriirinate

with the English explorers, it must have

French

/
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known as Eagle Butte. This white sandstone with a buff layer at

the bottom is known to geologists by the local name of Colgate sand-

stone. The lower part contains in places casts of sea weeds and

marine shells^ so that it is believed to represent the sandy shore of an

ancient sea. It is supposed to bo in part equivalent to the Fox Hills

sandstone of South Dakota. The rocks overlying the Colgate sand-

stone in this region are all of fresh-water origin. At Eagle Butte the

sandstone appears to be nearly liorizontat^ but it rises gently toward

the southwest and near milepost 7 it is high in the hills, and the shale

below it appears at railroad level. The hill near milepost 7, known
as Iron Bluffy is noted for the beauty and abundance of the fossil

shells that occur ui limestone concretions ^ in the dark shale. The
shells are so perfectly ])reserved that they retain their pearly luster.

From the kinds of shells occurring in the shale and from its character

it is known to be the same as the dark shale that is noorlv exnosed in

Valley It is called the Pierre shalo

and is of Upper Cretaceous age. The fossil shells show clearly that

the sea must have occupied this part of the country when the shalo

"Was deposited. that time, instead of roUin;

Montana, there were rollui

marme

or by the Indians who inliabited the

region , The only Frenchman who is

thought to have seen the upper part of the

Yellowstone Valley before the time of

Lewis and Clark was Yerandrye, who, be-

tween the years 1738 and 1742, penetrated

the wilderness far to the west of Lake
Whmipeg and who wandei*ed for a long

time among the mountains in an ineffec-

tual attempt to reach the Pacific slope.

It is said that he reached the headwaters

of the Missouri and even penetrated as far

south as the central part of Wyoming,
where he was so beset by hostile Indians

that he was forced to return to the east.

None of the points described by Yeran-

drye have been recognized, so the iden-

tity of the country which he traversed will

always remain a matter of doubt. It

seems incredible, however, that he should

have visited the site of the present Yel-

lowstone Park without noting at least

some of the wonderful geysera and hot

springs. On this negative eiddence it is

reasonable to conclude that he did not

visit the canyon of the Yellowstone, and

therefore that the Indians were the first

people to apply the name.

^ The term concretion is applied to

rounded bodies of rock that are somewhat

harder and more resistant than the main

mass of the formation in which they are

contained and for that reason remain on

the surface after the rest of the formation

has decayed. In many places they are

nearly spherical, but as a rule they are

irregular in outline, either elongated in

a mass resenibling the trunk of a tree or

flattened like a disk.

The material composing concretions

differs greatly; in sandstone or 8andy

shale it is generally sand, or sand contain-

ing a large amount of iron; in Hmestone it

is generally chert (a form of silica); in

shale it consists of limestone or ironstone.

The concretions of Iron Bluff are doubly

interesting because they are made up

almost exclusively of fossil shells. It

;ms

which the concretions are

lime o

imposed

many o

the coiled shells are so perfect that

mi^ht inspire another Holmes to wr

nautilus

b6w«
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The Pierre shale continues to Cedar Creek, 1 1 miles beyond Glen-

dive, where, if the traveler looks ahead on the. left at milepost 11^ he
will see on the far side of the valley a large ridge in which the rocks

dip as much as 20^ in the direction in which he is going, the opposite

direction from their dip between Glcndive and Cedar Creek. In
other words, the train has crossed a great arch or anticline in the

rocks, the highest pomt of which is at Cedar Creek. The Glendive

anticline is the most pronounced fold in eastern Montana. It

extends from Yellowstone River in a straight line southeastward into

the extreme northwest corner of South Dakota. It brings to the

surface the Pierre shale on the center of the arch^ and as this shale

is softer than the rocks on either side, it gives rise to a belt of country
having little relief. For this reason it was followed by the Chicago,

Milwaukee & St. Paul Railway from Marmarth, N. Dak., to Baker,
Mont. The shale is everywhere rimmed about by the hard Colgate
sandstone, and this in turn by the Lance and Fort Union forma-
tions. The form of this fold is shown in figure 7, which represents

Figure 7.—Diagraln of Glendive anf icline, Mont., looking east. Gentle dips on northeast side; steep
dips on southwest side.

the strata as they would appear if the observer were in an airplane
hovering over the flat on the far side of the river and looking up
the valley of Cedar Creek to the southeast. A short distance beyond
the mouth of the creek the steep dips die out and the rocks are so
nearly flat that they seem to be horizontal.

At milepost 17, between Hoyt and Marshy there is a large gravel

RichardtoUj N, Dak. This gravel

hauled as far east as

Long the nver, contams many moss ag
down from the mountains in the vi(

d many fine specimens have been pick(

evond the villaf?e of Fallon TsAft slipnt, 1

Milwaukee & St. Paul Railway enters the valley of Yellowstone

Fallon.

Kiver from Fallon Creek, and near milepost 36 it

crosses the Northern Pacific tracks by an overhead
Elevation 2,^Heet. bridge. In this vicinity, as elsewhere in the Yellow-
Population 531.*

a tt n it
St. Paul 607 miles. stone Valley, two plants characteristic of the semi-

arid West are very abundant, the cottonwood tree

) (Artemisia), The courses of the river and'&

bluffs
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are low by the lines of cottonwood trees, m
m

running water. Sagebrush originally covered most of the bottom
land of the vaUey, but it has been removed in many places to make
room for valuable crops. Many people suppose that the growth of

sagebrush is indicative of poor soil, but such is not the case, and a
person famihar vnth. the habits of the plant will always prefer a plot
of land on which the sagebrush grows to large size.

The village of Terry, named in honor of Gen. Alfred H. Terry^
who commanded the expedition of 1876 in what is commonly known

as the Custer campaign, is served by both the North-
ern Pacific and St. Paul roads,

sandstones which give to the Fort Union formation
its distinctive color are well developed between
Cedar Creek and Terry, but at Terry, in the lower

Terry.

Elevation 2,264 fee

Population 775.*

St. Paul 706 miles.

The light-colored

formation^ there begins a change in color and compo
ill become
ut 2 miles

rcmams
;VIiles City. The big coal bed at the base of the Lebo

ma\
of Powder River and on the opposite side of the river for some dis-

tance beyond that point. The rocks rise gradually upstream^ and
within a short distance the Lebo shale, which is only a Httle above
river level at Terry, rises so high that it disappears from the adjacent

bluffs m
between Powder and Tongue rivers.

In the vicinity of Miles City is Signal Butte, a high Imob about
4 miles southwest of the railway^ which can be seen from passing

* The large lignite bed on the west side

of the river, wliich can readily be seen

from the train near Terry, is regarded as

the base of the Fort Union formation.

Beginning a short distance down the

river below Terry, there appears just

above this bed a band of dark shale which
increases in thickness up. the river to 50

feet in the bluff opposite the town and to

200 feet a mile The
traveler, if he looks closely, can recognize

this more somber-colored belt. It is

made up of dark shale and sandstone,

which, when examined under a micro-

reduced to fine mud or sand. This band
of dark material has been followed west-

ward nearly to its source, which must
have been somewhere in the vicinity of

Yellowstone Park. In that region the

formation is much thicker than it is

farther east and the materials composing

it^ are coarser, as would naturally be

expected of material dropped near the

shore

.

largi

form

lava fragments and volcanic dust or ash.

These particles have been washed and

South or southwest of Livingston

there were at one time great volcanic

outbursts, and the material thus thrown

out was ST^'cpt away by the currents of

water and deposited in a layer that ex-

tended for a great distance toward the

east. This widespread sheet of volcanic

sedimentary material is known as the

Lebo shale member of the Fort Union

rolled over in water until all have been I formation.
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trains. It is reported that in the early days, before the railway had
officers from Fort Keo

to

receiYin

miles The signaling was done with a heliograph, an instru-

ment for reflecting the sun's rays in any desired direction and flash-

code. On account of this use the knobg messages in the Morse

ceived its name.

Miles City, at the mouth of Tongue River, was named in honor of

Gen. Nelson A. Miles, an experienced Indian fighter. who had

Miles City.

Elevatioa 2,377 feet.

Population 4,697.

St. Paul 746 miles.

already established Fort Keogh on the river bottom
about 2 miles farther west, IVIiles City is said to be
the greatest horse market in the West, and is also an
important wool-shipping point. In the early d^js the

principal industry was the hunting of the buffalo or

bison, and it is reported that as many as 250,000 hides were shipped

from this place in one season. Such num-
bers are almost inconceivable, but it is well

known that the buffalo roamed the plains

in great herds, and when the slaughter was
carried on in wholesale fashion the number
killed must have been very great, Capt.

Clark and his party, in descending the Yel-

lowstone in boats, were forced to ^vait near

Glendive until a herd of buffalo numberino:,

by his estimate, 80,000 had crossed the

river. Now all traces of the buffalo are

gone from these plains except an occasional

sun-bleached skull or a few weather-beaten

Figures.—Sun-bloaehed skull near

Miles City, Mont. The skulls and

bones are all that remain of the

great herds of buffalo that once

roamed these plains.
horns. (See fig. 8.)

Some distance below Tongue River the St. Paul road crosses the

Yellowstone, and Miles City has the advantage of two transconti-

nental railways-

West of Tongue Kiver, on the right (north) , is Fort Keogh, which
was built by Gen. Miles in 1877 and named in honor of Capt. Myles W.
Keogh, who perished in the Battle of the Little Bighorn the year
before. For a long time this was probably the most important post

in the Indian country, but now it is used only as a remount station,

where horses are trained for cavalry service.

The St. Paul road crosses to the north side of the Yellowstone
again a short distance above Fort Keogh, and it remains on that

side of the stream to Forsyth, where it tm-ns northwestward and
crosses the divide to Musselshell River. The Northern Pacific line

continues on the south side, running in places along the wide, flat

bottoms and in others on the river bank, where it is overhung by
cliffs and steep slopes of sandstone, shale, and coal beds of the Lance
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formation. Generally the coal beds are thin or variable in thickness;

but in places they thicken, as between mileposts 92 and 93, where

four beds are visible from the train* Two or tlnec of these beds are

thick enough to work and some day may be mined^ although the coal

is not of very liigh quality. It is much better^ however, than the

He:nite of North Dakota or that around Glendive and is classed as

subbituminous—a grade between lignite and ordinary bituminous

coal.

A similar change in the character of the coal or lignite can be found

in almost all the fields of the Rocky Mountains and the Pacific coast.

In every field the coal improves in quality toward the mountains,

in places ranging from lignite to subbituminous coal or from sub-

bituminous coal to anthracite within the limits of a single field.

Such changes arc doubtless due to greater stresses in the rocky crust

of the earth in the mountains than in the plains, and as the coal is

the weakest member of the rocks forming that crust it was most
compressed and changed.

The chief interest in the trip from ^MUes City to Rosebud lies in

the fact that the railroad was constructed along the same route as

that followed by Custer in his approach to the great battle that

terminated his career.*

^ la the epring of 187G the Sioux Indians

exhibited signs of unrest, and some of the

more adventurous spirits among them de-

serted their reservations and began to

assemble a force which the Government
feared might at any time take the war-

path and cause pillage and slaughter

along the frontier. Sitting Bull was the

leader of the insurrection. Gen. Crook

with 1,000 men at Fort Fetterman (near

Douglas), on North Platte River, Wyo.;

Geu. Terry with another 1,000 at Fort

Abraham Lincoln, nearMandan, N, Dak.;

and Gen. Gibbon with 450 men at Fort

Ellis, near Bozeman, Mont., were ordered

to force the Sioux back to their reserva-

tions .

The command of Gen. Crook, the great-

est Indian fighter of his time, was de-

feated by the Indians in a battle on the

headwaters of Rosebud River June 17,

before he could effect a junction with the

other parts of the expedition. He tried

to notify Terry and Custer of his defeat

and to warn them of the great number of

Indians engaged in the campaign, but

his scouts failed to reach them, and Cus-

ter proceeded from the mouth of Tongue
River (Miles City) June 19, supposing the

Indian force to be a small one which he
could overcome in a single daring charge.

Custer had just returned from Washing-

ton, where he had had difficulty %nth his

superior officers, and, doubtless smarting

under the charges made against him and

the indignity of a threatened court-mar-

tial, he was in the mood to stake all on

the chance of winning an immediate and

brilliant victory, Jfaj. Reno, of his com-

mand, had been on a scouting trip into

the Rosebud Valley, where he found

ahiindnnt indir^atinns of a nartv of Indians

ed w^jtward

the Little Bighorn.

tnunan

at the mouth of Rosebud River, where

they were joined by the troops under the

command of Gen. Gibbon. The plan of

the battle was for Custer to move up the

Rosebud imtil he found the trail reported

un

reached the Indian camp, which was sup-

I)osed to be on the little Bighorn. Gib-

bon's command was to march back on
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West of Fort Keogli the railway follows the river past the small

villages of Hathaway and Joppa to Rosebud, at the mouth of Rose-

bud River, (See sheet 12; p. 78,) The scenery along

this part of Yellowstone River is not particularly

striking, but many interesting views may be obtained,

especially if the trip is made late in the season, when
the water is low, for at that time it is generally clear,

whereas in June the stream, swollen by the melting snow in the

Rosebud.

Elevation 2,501 feet.

Population 370.*

St. Paul 778 miles.

mountains, becomes a muddy torrent. Streams in this condition

may be interesting as vehicles for the transportation of earthy ma-
terial, but they are certainly not attractive.

Where the river swings close against the rocky bluffs the traveler

may obtain through the soft foliage of the willows and cottonwoods

vistas of deep, quiet pools that reflect all the colors of the clouds and
sky, or of tumbling rapids where accumulated bowlders interfere with

the progress of the stream. These views have for a setting on one

side bold and rugged cliffs and on the other the upland stretching

away to the horizon in a monotonous expanse of dry and dusty plain.

In other places the outlook is over the Avide valley bottom, which

irrigation has made an oasis in the desert of sagebrush hills and

broken cliffs.

the north side of the Yellowstone to the

mouth of Bighorn River, and there Terry

and Gibbon were to meet them on the

steamer Far West and ferry them across the

river. Gibbon was then to lead his com-

mand up the Bighorn and strike the enemy
from the north at the same time that Custer

made his attack on the east and south.

Custer did not pause at the mouth of the

Rosebud but was away the next moniing

on hh march up that stream. After fol-

lowing it for about 70 miles he found the

great trail that the Indians had made
across the ridge toward the Little Big-

horn. He did not wait to give Gibbon
time to move his troops up from the mouth
of Bighorn River but pressed on until

the Indians were actually sighted in an
enormous camp on the Little Bighorn.

Here he di\ided his forces, directing

neously with Reno's charge and put them
to flight.

Reno failed in his effort to drive the
Indians down the valley and early in the
action took to the hills on the east, w^here

after considerable fighting he managed to

secure a position that he held throughout
the engagement. The whole force of the
Indians was then directed against Custer,

and he^ as well as his entire command,
with the exception of an Indian guide,

were slain. Reno was besieged in the hills

until he was rescued by the force under
Gibbon, which arrived, however, too

late to take an active part in the battle.

arn\'

descend
L

and
valley, while he scouted along the hills

on the east, apparently intending to at-

tack the Sioux from that side simulta-

dians left the valley and after some
skirmishes with the soldiers returned to

their reservations.

The soldiers killed in this battle num-
bered 265. They are buried in a national

cemetery on the spot where they fell,

with fitting monuments commemorating
.ins

erwhelming
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The Lance formation makes rugged bluffs along the river from
Miles City to Forsyth. "' " "formation
Montana, South Dakota, and Wyoming. The coal or lic^nite beds

many

comp
'jwh

It is also certain that at the time it was deposited great forests
flourished over much of the area of the States mentioned, where are
now the treeless wastes of the Great Plains. The tre^s of fhnf

simil
ime

57. mation of coal beds means
probably at low level. The plains country and much of that which
13 now mountainous was at that time low and swampy, supporting a
luxuriant tangle of large trees, underbrush, vines, and water plan'ts.
The strange creatures that roamed through that ancient forest or

Museum
Gilmore

r

^ Where vegetation gre^v as luxuriantly
as in the swamps and lowlands of Lance
time there must have been animals to

than

im

and in turn
•wn

feed The Lance forma-
tion is noted for the remains of great rep-

aud
ms

or models of these wonderful dinosaurs,

as they are called.

One of the best-known dinosaura is

called Triceratops (meaning literally

three-horned face), so named because he
had over each eye a massive horn di-

rected forward and terminating in a long,

sharp point and a third, but much smaller

horn, on the nose, not unlike that of the

modem rhinoceros. A mounted skeleton

of Triceratops in the National Museum in

Washington is about 20 feet long and
stands 8 feet high at the hips. Some of

the skulls that have been found measure lector of Triceratops in the L^nited States,

more than 8 feet, or nearly one-third of has pictured the country at the time these

the length of the entire animal, includ-

ing the tail. The great length of skull

is due to the fact that the neck wa^ pro-

tected by a bony frill, which projected

backward from the skull like a fireman's

by the finding of broken and healed bones.
A pair of horns in the National Museum
bear mute witn^s to such an encounter,
for they had been broken and then
rounded over and healed while the ani-
mal was alive.

In the earlier restorations or models of
this animal, as shown in Plate X (p. 74),

the skin was represented as being smooth
and leathery, but in a specimen recently

discovered the well-preserved skin shows
that it was made up of a series of scales of

various sizes.

Triceratops, as indicated by the struc-

ture of his teeth, was manifestly a plant-

eating animal, his food probably being

leaves and branches of low trees and
shrubs. Hatcher, the most noted col-

helmet or like the large ruffs that were
worn in Queen Elizabeth's time. Al-

though the brain of this dinosaur is large,

it is, when the size of the skull is taken

animals lived as being made up of vast

swamps with wide watercourses that were

constantly shifting their channels, the

whole resembling the Eveiglades of

Florida. The entire region, where the

waters were not too deep, was covered by
an abundant vegetation and inhabited by
the huge dino^urs as well as by croco-

diles, alligators, turtle?, and diminutive
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time the crossing of the continent must^^.^xg ^a..L^^ tiiiiu tiie crossmg oi tne contment must hav(
attended hy dangers beside which those of the African wilds

indeed
seem

may

deriii
some

o

forme
But the days of these monsters

from
embedded in

animals, fossil remains of which are now
found embedded in the sand and mud that
were deposited in those old swamps.
TLcre lived at the same time the great

duck-billed reptile Trachodon, the best-

imm
dinosaur of its time. The length of an
average-sized individual, measured from
the end of the nose to the tip of the tail,

was 30 feet, and as he walked erect on his
huge tliree-toed hind feet, the tip of the
head, which was nearly a yard long, was
from 12 to 15 feet above the ground. The
nose expanded into a broad duck-billed

The most highly specialized of the ar-
mored reptiles was Ankylosaurus, which
was covered by a great number of flat-
tened ridged-skin plates of bone, arrangedm rows across the broad back. The rep-
tile was low of stature and had at the end
of his stout, heavy tail a great triangular
club of bone, which when he moved
about must have dragged on the ground.
The head was short and blunt, and the eye
was provided with a cup-shaped bony
shutter that could be closed over the eye-
ball when the creature was harassed by
his enemies. "" "

V. . , • , , .
— ciiciiiitJB. vvun au vulnerable mrtsbeak whrch was covered with a horny thus protected by bony armor,This livingsheath as rn birds and turtles, and was fortress had little to fL frnn yTU

admirably adapted to pulling up the
rushes and other water plants upon which
the creature lived. That Trachodon
lived in the water is shown by the webbed
fingers of the fore foot and the long, deep,
flattened tail, which was a most efficient
swimming organ and equally useful as a
counterbalance to the weiglit of his body
when he was striding about on his hind
legs on the land

. The skin, as shown by
specimens that have been found, was thin
and covered with tubercles of two sizes,
the larger ones predominating on surfaces
exposed to the sun. One of the most
remarkable features of this great brute was
the set of teeth with which he was pro-

fortress had little to fear from his blood-
thirsty contemporaries. Ankylosaurus
doubtless had need of his armor for there
were many other flesh-eating dinosaurs
that swarmed in the forests or swam in
the sluggish waters. itriking
of these was Tyrannosaurus, or tyrant
lizard, the largest land-walking carnivor-
ous animal the world has ever known.
L-I j-^ -vw-ii^ ^^ ^^ ji f\ ^ t 1

standing
position on his hind legs, was 18 or 20 feet
high. The fore legs were exceedingly
small, and he must have walked entirely
upon his powerful hind legs, the knee
joint of which was 6 feet above the ground
At the American Museum of Natural Ilia-

ri--. -.-\--- -=^- 1 r;S;:r"t; 1"::;^ : r:---'ter off than the human being, for as soon
as a tooth was worn out or lost, it was re-
placed by another pushed up from below

feeling
that the spectator stands before the huge
head with jaws 4 feet long, filled withbris-

least

Each ja. ,.d .0. 40 . JroZolZ^ ^Z^::!.^;!!^'!^^ -'!>—

i

Side and trom 10 to 14 teeth in each row
hence there must have been more than
2 ,000 teeth in the mouth of one individual
There were also flesh-eating and conse-

quently armored reptUes in Lance time

ondering
What part such a creature played in the
economy of nature and whether he was as
important to his time and place as the
animals that live to-day
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A. BLUFFS OF LANCE FORMATION ON YELLOWSTONE RIVER WEST OF HYSHAM, MONT.

B. FOSSIL PALM LEAF OF EOCENE AGE FOUND NEAR HYSHAM, MONT.
r

Tho climate of Montana must have been warmer and more moist than it is to-day to have permitted the growth
of paSms and other subtropical plants.
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muy be seen occasion

Foreyth, the county scat of Rosebud County, a district terminal of
the Northern Pacific Railway, is one of the thriviiic^ to\vnis in the

Yellowstone Valley, It was named for Gen. J. W.
Foi-syth, one of the miUtary pioneers of this coun-

Forsyth.

"Elevation 2,535 feet.

Population 1,39S.

St. Paul 791 miles.

try le Chicago, Milwaukee &
as followed Yellowstone

and
northwester IJ dii-cctlon to the Musselshell Valley iii the vicinity of the
new to%\Tis of Musselshell and Pioundup.

^

Beyond Forsyth an anticline crosses the Yellowstone Valley, but
It IS not so distmct as the one ahove Glendive. The first indication
that the traveler may observe of a change from the Lance formation

after
Armells Creek, just beyond niHepost 130, the width of the valley

ddcnly uicreases and the bluffs Th
rocks

from
the bluffs would show that they are ^

same dark shale that the traveler saw at Cedar Creek, aboveGlendive^

composed the

•m

level hero means that the rocks rise west of Forsyth and the next lower
formation is brought to view. ^

^ The dark shale noted near Glendive
is called the Pierre shale, but the dark
shale that makea its appearance near
Howard and ig said to be the same as the
Pien-e, is called Bearpaw. The change

ipposed

formations as they lie in the ground.

knowTi
at Glendive, the Upper Cretaceous rocks
begin with the Dakota sandstone at the

Bmhi^s
^z .-^ •'—' —— -^-^—=-^

yr^-^'
" — - ' '

'

^'^
' ' ^_ -'\ >-- '- ''' ''"''',-^^'f^j ' '' '•'' '''

:t_'[^ ^ ^ _„ ^:,-^' - ;_ - ^ ±f^wi.\/

Targ>^th ;nt

> -'—
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-
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Figure 9.—Diagram showing the thinning out and coming in of formations from the Blacfc Hills, S. Dak,,
to Billings, ilont.

in the Cretaceous formations along an base, resting upon the Lower Cretaceous.
east-west line from the Black Hills to

Billings,- Mont., and the reason for the
introduction of new names for the fcrma-

Over this are two great shales (Benton

and Pierre) and a limestone (Niobrara)

of marine origin, and capping all jb the
tions are explained by figure 9, which is

j Lance, a fresh-water deposits
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The high hills composed of Lance sandstones (see PL XI
Howard

Howard.

Elevation 2,600 fee

Population 139.*

St. Paul 800 miles.

more than 2 miles from
the low hills near by are made up of the Bearpaw
shale. Tlic outcrop of the shale crosses the river
and then swings far to the northeast around a dome-

format
in the rocks that brings

mcreases m width until in the yicin Finch
from

Finch.

Elevation 2,595 feet.

St. Paul 806 inilfis.

bottom
marerm

At milepost 141, a short distance east of
Sanders, a massive gray sandstone rises from river
level until it attains a height above the railway of

about 30 feet. Beyond this pomt it descends toward the west and
within a short distance disappears below railway level. The highest

almost

marks the axis of a larsfe hrr

known to be the extreme
earmp^

many places in

•mation (see fig. 9) that is exposed

_ ^t of the State. In its best develop-
ment it is a fresh-water deposit, but the sandstone near Sanders

showing that the shore of the land uponcontains

ediments
laid dowai was near this place, and that to the east of that shore line

A deep well recently

northwest
ty Milw

at a depth of about 3,200 feet.

Kootenai
^o

originally only

in the bottom of this valley, althouo-h

armers
extensive private irrigation project has been developed. W is

be tween

Westward from the Black Hills tlie

Niobrara fades out as a limestone, and at
Billings it can not be identified and sepa-
rated from the Benton. The entire mass
of shale is called the Colorado, and this is

equivalent to both the Benton and the
Niobrara. The Dakota disappears west of
the Black Hillsand the Coloradoshale rests
upon the Kootenai (Lower Cretaceous).
In the east the ^eat marine deposit

above the Niobrara is known aa the Pierre
ehale this cha

character in its lower part, and three more
or less sandy formations—the Eagle sand-
stone and the Claggett and Judith River
formations—have been recognized and
named. The dark shale above theJudith
River is in composition and appearance
like the Pierre, but as it represents only a
small part of that formation it is given
another name (Bearpaw). The Lance
formation is apparently continuous and
regular throughout the sect Ion here
described.
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A.

B,

VIEWS IN THE SHEEP RANGE OF MONTANA.

As shown In the upper view, the watchful herder and the equally vigilant sheep dogs guard the defenseless flock.

The covered wagon shown in the lower view has been developed to meet the special needs of the sneep

herder. It is light in weight and commodious and in bad weather atfords protection fionn the fierce storms

which sweep over the Montana plains
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POMPEYS PILLAR, MONT., AS SEEN FROM THE NORTHERN PACIFIC RAILWAY.
The inscription shown below is on the other side of the pillar.

INSCRIPTION MADE BY CAPTAIN CLARK ON POMPEYS PILLAR JULY 25, 1806.

Now protected by an iron grating. Photograph furnished by the Northern Pacific Railway.
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carried by a gravity system down the valley for a distance of 30
miles. Part of this system has only recently been opened, so that

all the land is not cultivated, but in the older parts fine crops are

raised.

West of the sandstone outcrop the valley floor is again smooth,

showing:" that the soft shale forms it as well as the low hills that

appear far to the left (south). A little beyond

Sanders the railway' crosses Sarpy Creek, one of the

well-known places of the early days, for here was

located Fort Sarpy, an important trading post of the

American Fur Co. and the headquarters of many
of the hunters and trappers of the Northwest, The post was

r.amed for if not established by Col. Peter Sarpy, who was an

agent of the fur company for 30 years after its organization.

At Ilysham the valley is very wide,

the hills being at least 2 miles back from

Sanders,

Elevation 2,618 feet.

Population 281.*

St. Paul 812 miJes.

the railway. By looking

ahead on the left, after

leaving this town, the

Hysham.

Elevation 2,667 feet.

Population 162.* , -i ,j

St. paursis miles.
traveler can see the rug-

ged sandstone walls of

the Lance formation coming in close to

the track, and for several miles the road

follows the river bank under a towerino:

cnff that rises to a height of 300 feet.

The traveler is now in what was a±iit? iruvuit^r lb now iii wfiai was a -*" '• .tHsffii--'^-'^^^

few years ago the great open sheep range *^ »

\
• :!>^iii^f0l^^-^*;^

of Montana. Sinofle ranches had florks " '*'/' f
'^'<!^^' ''^'^"r^i^'H

FiGXJEE 10.—Monument built by shaep

hexde r.

ranging from a few hundred to as many
as 40,000 sheep. These were not kept in

a fenced mclosure as is done in the East but were herded in bands of a

few hundred or a few thousand each. To each band was assigned

one or two herders who with horses to draw a covered wagon and a

faithful dog followed the sheep for months at a tune without returnmg

to the home ranch. (See PI. XII.) Hour after hour, day after day,

and week after week wore spent in watching the sheep, ^ith abso-

lutely nothing to break the monotony of the rolling treeless plain

except here and there low hiUs of barren rock. The herder would

stand upon such eminences when the sheep were quietly feeding and

no coyotes near to cause uneasiness and, to amuse himself, would

build monuments of the loose rocks (fig 10). In the course of time

monuments of this kind were erected on almost every hUl and on all

the commanding points of the river bluffs, and the traveler can

doubtless see them from the passing train.
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The dry-land farmer has gradually encroached upon the open range,

and before long large flocks feeding upon it will be seen no more.

Conditions will become more and more like those in the East, and
finally the sheep herder, like his enemy the cowboy, will pass out of

will live only on the canvas of some
Russell.

which
Bighorn River. This is historic ground also^ for it has been occupied

smce
Bighorn.

Qi^j.], j^i-^ 26, 1806- In the year immediately follow-
Eievation 2,712 feet, jj^^ ClarVs visit Mauucl Lisa, one of the restless,
St Paul S'"^4 niilps / /

adventurous spirits of the frontier, established a

trading post here which afforded a rendezvous for many of the

hunters of the region. In 1822 Col. William H. Ashlej^, president of

built a trading? nost 2 mil

mou It was
Yellowstone

proceeded overland with his detachment of 450 men to cooperate in

the Battle of the Little Bighorn, which Custer had already lost.

A little beyond Bighorn station the train crosses Bighorn River
and, skh'ting the base of sandstone bluffs for a distanca of 3 miles,

mto
Custer. town of Custer. This town
Elevation 2,745 feet. name from
Population 335.*

St. Paul 839 miles. lor persons going to old Fort Custer, at the mouth
of Little Bighorn Kiver, but, despite the fact that tho

post has been abandoned, Custer retains its importance on account
of its situation in the center of a fine agricultural district. Several
years ago the skeleton of a Triceratops was found in the Lance forma-
tion which makes tho river bluff opposite this place.

West of Custer the bluffs on both sides of the river are composed of
sandstone of the Lance formation, but they are not so prominent as

mouth
from

made
mile or so from

In places the low hUls

d the roadbed of the railway

Generally, however, the hiUs

From Waco (see sheet 13, p. 82) to Bull Mountain the same
OST except that the bluffs on the north side

Bull Mountain.

Elevation 2,S67 feet.

St. Paul 8.56 miles.

from
more

the south are farther from the track, lower, and less
rugged than they are farther east. Such chan<^es in the

appearance of surface features are due to the presence of softer rocks.
Here the formations are rismg westward, and at Bull Mountam
the Bearpaw shale, underlymg the Lance formation, is agam brought
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to the surface, but because of its softness it soon weathers down to a

dark mud that so concMls the rock from which it was deriyed that

the rock can not be seen from the train.

West of Bull Mountaia the Xorthern Pacific Railway crosses the

northern point of one of the great mountain-making folds of the

Rocky Mountains- The rocky layers or formations hare been forced

up into a great arch which has a breadth, where crossed by the rail-

way, of 75 miles and a length of about ISO miles. In tbe region of

its greatest development in Wyoming it forms the Bighorn Mountains,
and it is generally spoken of as the Bighorn uplift or anticline, but
the northern projection into Montana has a local development in

Pryor Mountain and for that reason is known as the Pryor Mountain
anticline.

As the railway crosses the fold at its north end, where the forma-
tions swing around in broad curves, it cuts the outcrops at oblique

o them It is because of

this fact that the hills on the left are smooth and low, indicative of

shale, and the bluffs on the opposite side of the river are rugged,

com

XIII

One of the most strikmg mementos of the

the Yellowstone Valley is Pompeys Pillar (PL
butte, 200 feet high, between mileposts 196 and 197, In descending
the Yellowstone Capt. Clark noted this butte and from its isolated

position and vertical walls called it Pompeys Pillar. He states con-

cerning it, ''I marked my name and the day of the month and year.''

Halfway up on the side near the river is to be seen Clark's rude
inscription, now protected by an iron gratmg. The sandstone
forming Pompeys Pillar is near the base of the Lance formation, and
the westward rise of the rocks soon brings up the dark marine Bear-

can
not be seen from the train.

Newton.

Elevation 2,915 feet

St. Paul 866 miles.

Pompeys Pillar to Huntley the railway line is in the middle
id, flat bottom, which is irrigated by water taken from the

river a short distance above the mouth of Pryor

Creek, under the Huntley project of the United

Rcclamat cks

from
tance on the right. As shown on sheet 13 (p. 82), the first formation
to be passed over beyond Pompeys Pillar is dark shale (Bearpaw) of

^ The Huntley project covers an area of

33j000 acres in the broad valley of Yellow-
stone River. In 1907 this region was a
part of the Crow Indian Reservation and
was uninhabited. To-day it contains 400

farm families and six towns. The trans-

formation wrought by Government irriga-

tion is apparent in the present compact,

intensively cultivated farms, in substan-

tial farm buildings, and in growing towns.

A few farms "under this project are open

to homestead entry under the terms of the
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marine origin. Next is a formation (Judith River) which in many
places carries coal beds and was laid down on the land or in shallow

lakes. It is soft and mostly light colored, but at a distance it can

not be distinguished from the overlying Bearpaw shale.

At Pluntley the Northern Pacific is joined by the Kansas City line

of the Chicago, Burlington & Quincy Railroad, and the two systems

use the same tracks from Huntley to Billings. Pryor

Creek, which is crossed by the train soon after leav-

ing Huntley, was named by Capt. Clark for one of

his party. West of the creek the railway is at the

foot of a precipitous bluff of greenish sandstone, in

places thick bedded, which is the upper part of the Claggett forma-

tion. This underlies the Judith River formation and from the fossils

that it contains is known to have been laid down in the sea. Thus,

under the influence of the great Pryor Mountain anticline, lower and

Huntley,

Elevation 3,038 feet.

Population 1,7^6*

St. Paul 8S0 miles.

lower rocks are in turn brought to the surface. Beyond the bluff

the sandstone rises until near milepost 220 it can be seen on the left

(south) just capping the highest hdls. The rock underlying the sand-

stone is not exposed here, but it is known to consist of soft shale, the

lower part of the same formation. Where it is crossed by the line

of the railway, the valley is broad and the slopes on either side are

smooth and gentle.

West of the open part of the valley just described the hiUs close

in on the river, especially from the south, until it seems as if the

stream would be blocked, but on close approach it is apparent that

the water has cut a narrow passage through what appears to bo a

barrier across its path. The railway is crowded close to the bank
of the river, and west of milepost 223 hUlside cuts show that the

constriction of the valley is due to a thick bed of coarse sandstone

(Eagle) which crosses the river nearly at right angles and dips 15^

or 20^ to the east. Immediately west of this outcrop the railway

crosses Yellowstone River to the broad flat upon which the town of

Billings is situated. As the train enters the yards just west of the

river the Eagle sandstone can be seen on both sides of the valley-

reclamation act, and full particulars may
be obtained at Iluntley from the project

manager. The cost of the water right is

$30 an acre, payable in 20 annual install-

acreage has been put into beeta each

year.

Probably no section in the West has

experienced the freedom from speculators

ments without interest, and there is an enjoyed by the area under the Huntley
additional charge of $4 an acre for the land.

The climate is healthful and the soil

fertile, producing abundant crops when
watered. Cereals and alfalfa are the

principal crops, but the growing of sugar

beets is becoming profitable. There is a

sugar factory at jBillings, and an increased clubs and cooperative organizations..

project. As a result, this is to-day one of

the most prosperous and up to date com-

munities in the Northwest. Its progres-

sive spirit is shown by its centralized

graded schools, its churches, the steady

substantial growth of its towns, and its,
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On the south sido it forms a prominent cliff and on the north it swings
to the west and borders the valley with a precipitous wall.

Billings, a division terminal, is the most important city in the
eastern half of the State. It was named in honor of Frederick Bil-

Bimn
^^^^^' ^^^^ ^^ ^^^ ^'^^^-^ presidents of the Korthern

ngs.
Pacific Railway Co. For a long time it was the o-reat-

pijutS^nCr' ^t wool-shipping point in the United States, ?f not
St. Paul 892 miles. in

as

road and the dry-land farmers have taken up so much of tho open
range that the raising of sheep has been greatly reduced and is likely
to become one of the Yanishinj; industries of this roirion.^ .*...^^cv.o y.^ t^xxo iV^
The earhest authentic record of exploration in tho vicinity of

Billings is that of Capt. Clark, who on his return from tho Pacific
coast passed the site of the city July 24, 1806, Soon afterward fur
traders and trappers explored most of tho streams of this country in
search of beavers, and in so dohig they frequently passed up and
do^\ii the valley of the Yellowstone, but they left no record except

some
streams The first permanent settlement in this vicinity appears

mad
establisned as a stage station and steamboat landing. Coulson con-
tinued to be of importance until the railway was built in 1881-82.
In 1883 a street railway, the first in Montana, was built connecting

with Billmgs, then recentlv estabhshed. The new towntown

Coulson
Origmally the valley outside of the lower land was clothed only

CO
tho railway but little farming was done. As the annual ramfall is

only about 14 inches and the summer season short it was thought
that even the hardier grains could not be successfully raised here.

About 1892 agricultural development started in earnest, ditches were
dug, and water was taken to the land, and to-day there is no more
fertile and productive valley in the State than that of the Yellow-
stone about Billings. Sugar beets are the principal crop, but alfalfa

and grains are also growm in abundance. Farming is now tho main
occupation of the people about Billings. A large sugar factory has

been erected at Billings which manufactures sugar from beets grown
in many of the irrigated valleys in this part of the State.

Near milepost 3, west of Billings, the traveler may, if the day is

clear, catch his first glimpse of the Kocky Mountains, directly ahead,

nearly 100 miles away. In midsummer the outline of the mountains

may be faint and scarceU^ discernible, but early in the summer or in

the autumn the snow on their summits should cause them to stand
^— -^-,09555S°—Bull. 611—15 6
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out clear and distinct. If the traveler is fortunate enough to obtain
ill understand why, in

Shining: Mountains The mountains
from this point are the ranges that lie iust south

1 and bound Yellows

point also the settin Bil-

Hiassive
or *'rim rock^' (Eagle). This can be followed to the east by the eye
until

boldness and ru^eredness, but instead
mg parallel with the valley it strikes due south across country to
Pryor Creek, the next stream in that direction. Its outcrop is every-
where marked by an escarpment^ and at the last point at which it

can be seen it makes an abrupt break in the sky line. On the ri^^ht

(north) the cliff trends nearly due west, as shown on the map (sheet

13), but the railway runs toward the southwest and consequently
departs more and more from the cliff. The rim rock is visible as far
as milepost 8, but beyond that point it is obscured by the edge of
the terrace on the right.

The traveler may notice that the river bluffs on the left (south)
look very different from the rim rock. There are no ledges on these
bluffs and^they are composed of dark shale (Colorado shale), which

rock. This shale is the lowest and oldest formationrim

that has yet been seen on this trip west of Minnesota.
Near milepost 12 a branch of the Great Northern RaHway which

uses the tracks of the Northern Pacific from Billings to this place
turns northward, going to Great Falls and Shelby, where it unites

Northern main

Northern Pacific

vaUey

Laurel.

tomis of Bridger and Red Lodge. Red Lodge is the
town m

?5ar:S/^" ^^^ "^^^ ^y this railway in its mountain
St. Paul 908 miles. irom Butte and

the east,^

Helena on the west to M

ofMp'^.ft^l^T'^^•^'^'
"**^^«f"°*

I

states Geological Sur^'ey a. subbkumi-

Countv r r . T'T '^ ^"^'" "^^' ^^* t^^« tendency is so slight that
County, supplies fuel for the railway, for ^^ ' •. . . ^ *=

the big smelter at Anaconda, and for a
large domestic trade.

In quality the Red Lodge coal is dis-
tinctly belo^ most of the eastern coals
but compares favorably with many of the
Rocky It shows a tend-

exposure :

r is classed

,/ — — -"ts
the coal evidently belongs at the top of

its class, which is near the dividing Une
between the bituminous and subbitumi-
nous coals. Its heating vahie ranges from
10,570 U) 11,440 British thermal units.

The field comprises only about 40
square miles, but the number and thick-

ness of the coal beds compensate in some
degree for the small area. According
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D Shale with some sandstone, fresh-waler
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Quaternary
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I Upper
Crrftaceous
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The traveler has now passed the axis of the great Pryor Mountain
anticline, which brings to hght the Colorado shale south of Billings,
and the rocks dip gently and regularly toward the west. Under the
influence of this westward dip the shale (Colorado) risible in the bluffs
on the south side of the river soon passes below water level, and the

way. Near inilepost 20 the cliff is about 2

rail

miles

»wn

sandstone with intervening shale or soft sand-

ire 11. As the dip is

low, only about 10*^, the Eagle
sandstone approaches the

river slowly, but at milepost

25 it can be seen in the hills

on the south side of the river.

The top of the sandstone passes below water

Park City.

Elevation 3,410 leet.

Population 903.*

St. Paul 915 miles.

Figure 11.—Eagle sandstone
north of Parle City, ATont.

level at a siding called Youngs Pomt, beyond Park City (see
sheet 14, p. 86), and here about 300 feet of shale and another
sandstone immediately overlying the Eagle are visible across the

These beds make up the lower part of the Claggett forma-river.

tion, which dips gently westward and disapp
neath water level. At milepost 32 all the white sandstone has

from view

lyin

and the hill slopes are comprised of the over-
Judith River formation. This formation has no decided

mines opened. Since then the field ha^
been developed steadily until now it is

first in point of production in the State.

The coal production of Carhon County,
which includes the Red Lodge field, in
1913 amounted to 1,304,524 short tons.

It is estimated that the amount of coal

in the Red Lodge field before mining be-

gan Tvaa 1,691,800,000 ehort tons. If from
this is deducted 12,544,796 short tons, the

total amount mined to the end of 1913 (the

to a section meastued in the bluffs on
• the east side of Rock Creek in and be-

low the town of Red Lodge and in the
mine workings there is 90 feet of coal in

beds 3 feet or more in thickness. The
beds vary greatly in size, being thicker

near Red Lodge than in any other part of

the field so far explored, but the quality
is some^\'hat better about Bear Creek, in
the eastern part.

These coal beds (in the Fort Union for-

mation) are made up of the same sort of
j
latest statistics yet compiled), and about

vegetation as the groat lignite beds of 4,000,000 tons that was rendered unavail-
North Dakota, but being nearer to the

,
able through mining operations, there

mountains the coal is of much better qual- would still remain about 1.675,000
ity, for the reason given on page 71. The
coal beds dip from 10"" to 20^ toward the
southwest, or into the mountain, which is

separated from the coal field by an im-
mense fault.

Although mining at Red Lodge was be-

gun before 1882, it was conducted on a
small scale until 18S9, when railway con-
nection was established and some lar^e

short tons. Not all of this can be regarded

as minable, for in mining some coal is

almost always left in the ground or ren-

>f breaking

•wn According

from

the coal in the ground is mined, but as

methods improve more and more of the

coal will become available.
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maj

liiU

formation

makes smoother
The slopes corn-

monotonous composm,
the upper part of this formation are well exposed in Countryi
Bluff, between mileposts 37 and 38. Here the rocks are undoubtedly
of fresh-water origin, as they contain numerous fragments of fossil
plants such as could have been deposited only either on land or in
bodies of fresh water.

The continued westward dm of f>i^ T^^/^la T^^^r..^c. +t ,.4. i,- i,„„

vicinity of Columbus

Columbus.

Elevation 3,624 feet.

Population 521.

St. Paul 933 miles.

It can not be seen near the railway, but is well exposed
a mile north of the town. This shale crops out in the
valley of Keyscr Creek north of the railway and along
the foot of the ridge that begins just across the river
from Columbus nurl AYtATirl<I crm+Vi/^ac3+TiroT.rl «^ f _-

Livings tcnx

,---3^r^^:^^>^^/,

^^^^^^/m///^
-~_^s^j;pmvsh3 /ff=^^^

Uud/th R/Ver /ormotion Pierre s/73/Q^^

,. .. -.^^ , .... .
Cif^^^tt fbrmat/an

— "-'' '' '----:^^^:y7:^rr:̂ r^^^
riG^E 12.-Cross section to ninstrute the change in the formations between Terry and Livingston.

Mont,

13t1T?;J„';t?5ir-P-«'l °* ''.""^ °.f %W-colored sand-
formation)

inity of Hy:
.^.......v ^^x.x±^±K.ixi Willi laose seen

In one of these beds a large quarry has
Columbus

:iri;l!;i-' !-"?-• .

^^^ sto.ecw u^^rrrre^
Helena

towns

and come Columb

to 8- to thp w..f 77\;-^ ^^ -^-^^^ xmiepost 4^^. The dips here are 6^

tl ^:t:^^J^L^'^'^ -*» ^ *-t -i-tanco and the

m
mmediatek

that the dark color of tliis ^vcd.ri; dTeto Z^^^ " ,," ""'*

n.ateri„,, which .as washed far^l the east fr rSX: o7 rilsomewhere near the YeDowstone Park. The rekUon of tl
^

of volcanrc nxatenal to the adiacent formations fesh™ * o

Q
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The train is now approaching the place of origin of this material.

form;

lis

some
tjoii makes their upper slopes. After crossing the rirer the same rcla-

maj
i|

- - A — w**w ^^ «*ij, Axxv^ t i^O »» VO I \Y LLl VI Lilt;

bro^ai Lebo shale can be seen at lower and lower levels, owing to the
shght westward dip of the rocks.
At Reed Point the white beds of the Lance extend up the slopes

only 100 to 150 feet, and above that all the rocks are bro^ra. The

Reed Point
^^^^^ probably goes under river level near milepost

Elevation 3 -e'^f t

^^' ""1^ hojoud that poiut the hillsides are much
St. Paul 050 miles' '

smoother and the general tone of the rocks is brown,
indicatmg that the Lebo shale forms hills at

least for a height of 800 or 1,000 feet.

About three-fourths of a mile beyond milepost 63 a large dike,
visible on the right (north), cuts directly through the bedded rocks

hich was inj

The dike is composed

an extensive crack m the bedded rocks. It stands up like a waU, and
where it cuts across a bed of light-colored sandstone it is easily
recognized. *^

forward and to the right can get his first good view of the CrazyMomi ams (originally called Crazy Woman Mountains). This
mountain group stands by itself in the plains and contains the first
high peaks which the traveler can see at close range. Its mode of
origin is described in the footnote beginning on pacre 86

East of this place the volcanic material of the Lebo shale has been
so thoroughly washed and sorted by water that it is evenly bedded
like ordmary shale and friable sandstone, but near the mountains and
the source of supply this material is coarser and some of it has the ap-
pearance of bemg only a little modified by water after it was blown out
of some old volcanic vent in the vicinity. Such material, known as
volcanic agglomerate, is composed of fragments of lava ranging from
minute pieces to blocks 4 feet in diameter. The agglomerate beds
have in general a warm gray tint, and a mass of such material gave
the name of Greycliff to a siding that was formerly located under the
clift' but now has been moved 3 miles to the west. The cliff is fully

100 feet high, but the base of the agglomerate is not exposed and
bence its full thickness may greatly exceed that amount. As it is

reported to be 2,000 feet thick a few miles to the southwest, it seems
reasonably certain that the old volcano which furnished the material
ivas located in that direction but nn t.rani^ nf \t ha'i ht^pn d?sf>nvrrf>d-
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Greycliflf-

At Greycliff an upland stretching far to the north is visible across

the river on the right. This is underlain b}^ light-colored sandstones

of the Fort Union formation, which show here and
there, giving to the surface a light-gray appearance.

As these rocks dip slightly westward, they should ap-

pear near railway level east of Big Timber, but no
such rocks occur near the track. This is due to the fact that on ap-

proaching Yellowstone Park more and more of the volcanic material

Elevation 3,940 feet

St. Paul 963 miles.

2rivin<? to them
from

Big Timber.

Elevation 4,095 feet.

Population 1,022.

St. Paul 974 miles.

After passing Big Timber the traveler obtams on the right (north)

his best view of the Crazy Mountains,^ an isolated

group of sawtoothed peaks which rise sharply to a
height of 6;000 feet above the generally even surface

of the plain and 7,000 feet above the level of the

railway.

Springdale (see sheet 15, p. 98) is the stopping place for those going
to Hunters Hot Springs, which are visible on the right at a distance

of about 1 J miles. These springs are reported to have
been well known to the Indians before the advent of

the white man. They were discovered in 1864 by
Dr. J. A. Hunter, who, with his family, was on his

way to the newly discovered gold fields of Montana. The springs

Springdale.

Elevation 4.234 feet

St. Paul 989 miles.

* The change in character of the ma-
terials composing the Fort Union may
not be apparent from the train, but north

of the Crazy Mountains, on Musselshell

River, all the formations from the Colo-

rado shale (the shale that is exposed
across the river from Billings) to the Fort
Union change toward the west to an an-

desitic mass in which formations are not

(Ustinguishable. This mass is generally

known aa the Livingston formation, and
when it was named it was supposed to be
younger than any formation so far de-

scribed and to rest unconformably on all

the older formations up to and including

the Fort Union. This idea was based on
its supposed relation to the other forma-

generally regarded as established that the

Livingston is not a separate formation,

but a peculiar near-shore phase of the

other formations, produced by a great

supply bi volcanic material from an up-
land on the south.

^ The Crazy Mountains can not in any
sense be considered as a range, for in

form they are merely a group of peaks and
in structure they are unlike any other
range in this part of the country. The
highest point, Crazy Peak, has an altitude

of 11,178 feet, or about 6,000 feet above
the general level of the plateau or bench
land at its foot. The Crazy Mountains
are therefore higher than many of the
more noted mountains of Montana, and

tiona about Livingston and to the fact they are certainly more conspicuous on
fossil plants which it carries

different from those in the Fort Union
underlying formations

account of their compactness and isola-

tion.

Structurally
The anomalous character of the fossil flora the ranges of the Eocky Mountains for
has not yet been explained, but the ap- those ranges in general are formed of
parent mei-mg of the formations into one upturned or faulted strata, whereas the
g^eat mass of andesitic material toward Crazy Mountains are merely the remains
the west IS so apparent that it is now of a great irregular mass, called a stock.
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discharge 90,000 gallons of water an liour at a temperature of 148^

to 168^ F.

Beyond Springdale the river passes through a nariOAv gorge known
as McAdows Canyon. In this canyon the rocks, which are well

exposed, show many wrinklo^ or minor folds that were undoubtedly

formed by the upheaval of the great Absaroka Range, on the south.

The mountain range is high and rugged, indicating a youthful stage

in its development, for if the range were old it would have been worn

down by erosion and its rugged features would have been smoothed

and rounded off. Another proof that the Absaroka Range has been

recently formed is found in the fact that the rocks along its flanks

have been wrinkled and upturned by the same forces as those that

folded and raised the mountain rocks into their present positions.

From this it is evident that the mountains must have been formed

siace the deposition of the youngest of the plains rocks, and as the

Fort Union formation, which is early Tertiary, is involved in the fold-

ing, the mountains must have been formed in middle or late Tertiary

time.

On the right (north) near milepost 103 a near-by view may be

obtained of the Sheep Cliffs, which, as seen from the train, are very

prominent. They are the result of an intrusion of molten lava

between beds of sedimentary rocks, probably from some of the dikes

of igneous rock that was forced in molten

condition into the soft shale and sand-

stone of the upper Mesozoic and lower

Tertiary formation. At the time this

great mass of igneous material pushed

into the soft sedimentary heds, the surface

must haA^e been above the present top

of the mountains. J, P. Iddings, who has

given the most study to this mountain

mass, says that it is not at all certain that

the molten material ever poiu-ed over or

even reached the surface. It is exposed

to view now because the beds that once

covered it have gradually been washed

away by rain and streams.

The stock is 4 miles wide and 6 miles

long. It consists of a very coarse grained

diorite which disintegrates rapidly when

exposed to the weather. In this con-

dition it is easily eroded, and the slopes

are very steep, as can be seen from the

train. The present mountains are made

up not only of the igneous reck, but also

of the shale and sandstone into which it

was forced. These rocks were heated so

intensely that the shale has been baked

into a porcelain-like mass that is very

hard and resists weathering much more

successfully than the diorite. These

baked rocks form a zone nearlv a mile

wide around the core. Through this zone

and beyond it the rocks have been cut

and hardened by a countless number of

dikes that radiate from the central ma^
in all directions. Here and there the

molten matter has found an outlet be-

tween the beds of sandstone, resulting in

great sheets or sills of the hardened lava.

These are very dense and serve as pro-

tecting caps to the softer strata beneath.

The forcing of so much material between

the layers of the sedimentary rocks has

raised them up around the stock until

they dip from it in all directions.

Nearly the last stage in the evolution of

this group of mountains is the sculptur-

ing they have received from local gla-

Hio Hrpnt Tcp Ao^e. Theseduring

small th

and form
alley

which it lay and built a moraine at its

early

the level of the bench land.



88 GUIDEBOOK OF THE WESTEEK UlN'ITED STATES.

ains. Wh
materi

g of the streams

revealed the igneous rock^ and owhig to its superior hardness it stands

up ahnost like a mountain.

West of milepost 105 a glimpse can be obtained on the right, ahead,

of the highest part of the Bridger Range^ which, though small, has a

very sharp crest and which separates the valley of the Yellowstone

Missou The structure

and character of this range are illustrated by figure 17 (p. 98)

•

At Mission station a branch leaves the main line and after crossing

Yellowstone River follows up Shields River, so named by Capt. Clark

for a member of his party. This valley has the reputation of pro-

ducing some of the finest oats grown in the State,

Just before the train enters Livingston it crosses Yellowstone River

for the last time on the main line. Here the Yellowstone is a clear,

rushing mountain stream, very different from the turbid river farther

east. The traveler now comes face to face with the great mountain
wall that forms the north front of the Absarokas and can look up at

the commanding heights, which tower nearly a mile above him and
which during much of the year are covered with snow.

Livingston, original^ called Clarks City, was named in honor of

Charles Livingston, of New York, one of the directors of the Northern
Pacific Railway, The main fine of the road was fin-

Livingston, ished to this place on January 15, 1883, and the
Elevation 4,510 feet, branch line to Yellowstone Park, which now carries

S^SToos^ies. ii>any thousands of tourists annually, began operation
in August of the same year, Livingston is a division

terminal and essentially a railway town.

[The description of the route west of Living-ston begins on page 94.1

LIVINGSTON TO GARDINER (YELLOWSTONE NATIONAL PARk).

The traiu for Yellowstone Park, on leaving Livingston, turns to
the left (south) and heads directly for the mountains, through a wide
bottom which, though composed largely of gravel brought down by
the river, is mostly under a high state of cultivation. For some dis-
tance the rocks are not well exposed, as the railway is built on alluvial
material (material laid down by running water) and the rocks can be
seen only in the cut edge of a low terrace on the right (west). The
formations are upturned against the mountains at an angle of about
20°, and as the railway runs at right angles to their upturned edges
tlia train passes them in quick succession
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main outer range which forms the gateway throu

ntcrs the mountains is composed of very old (Pah

Umestone. shale, and quartzite.^

mountain mass
inm inse arch. The top of the

arch is eroded and the traveler can not see the formations rising on

one side of the fold, curving over the top, and descending on the

other side, but they once formed such an arch, and the flanks and

^ The smooth slopes of the terrace on the

.

west are composed of the Eagle sandstone,

which is not well exposed and probably

not recognizable from the train, and the

underlying dark shale of the Colorado,

which is well exposed south of Billings.

The relation of the various beds can be

better understood by consulting figure

13, which shows the rocks as the traveler

sees them on the right. Opposite mile-

post 3 are sandstone and red shale, which
underlie the dark shale of the Colorado.

The next formation to attract attention

consists of a great mass of limestone,which
makes the mountain front and which is

one of the most conspicuous sedimentary

formations in the Tlocky Mountain region.

It will be seen many times on the trip and

the traveler will doubtless learn to recog-

nize it wherever seen. This thick-bedded

formation is of early Carboniferous age and

is known as the Madison limestone. It

makes the front of the mountain on the

east side of the river as far as the eye can

These beds constitute one of the most re- see and on the west side for a distance of

fc.^

opposite the county bridge across the

river. Beneath the Madison is a great

FiGUEE 13.—Cross section showing the rim of the mountains south of Livingston, Mont. The rocks were

crowded together until they bent into great folds, which later broke, resulting in o^^^th^ust faults.

Bistant formations of the plains and on the 7 or 8 miles. Its base can be seen about

east-^ le of the river they make a hogback H miles south of Livingsti

ridg\ ;hich is a fine example of its kind.

Thb formation was at one time regarded

as the Dakota sandstone, but isnow known

to be the Kootenai, of Lower Cretaceous

age. It is the same formation as that

carrying the coal beds at Sand Coulee and

Belt, southeast of Great Falls, but in the

vicinity of Livingston no coal has yet

been found in it. Below the Kootenai

there are shale and limestone containing

fossil sea shells of Jurassic age.

S ilurian,

hale, limestone

:ing formations

and Cambrian but

these various

age, but as

formations can

distinguished from the train they will

not be described in detail. Some of

these are very old rocks, even older

than the St. Peter sandstone, which was

seen at St. Paul.
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emam There are on

t> small

tliat have just been described constitute such a wrinkle. Thi
minor fold, as shown in the section (fig. 13); has been pushed over
toward the south beyond the vertical, so that the beds on the south

m
had they not been overturned. This fold is bounded

Brisbin.
by a fault (a break in the rocks), and near Brisbin it

same tvpe. The

SST;oS^^^^^^^
Madison limestone making the core of this smaUer
fold forms the high, straight ridge or spur that

trends at right angles to the railway. Beyond this ridge there are
traces of another kind of fold—a trough or synchne which lies at the
base of the limestone ridge and extends far to the northwest where

contains the Trail Creek
ceous rocks in this sync

g mmea irom

of the mines reaches the railway on the other side of Bozeman
Beyond Brisbin the rocks on the west forming the Gallatin I

are made up of volcanic materials, some of which consist of fine

ment (tuffs) blown out of some crater with explosive violence
coarse angulai same source or from
breaking up of partly cooled lava flows.

The rocks on the east side of the valley from Deep Creek, opposite
Brisbin, on the north to Mill Creek on the south are very ancient
gneiss and schist. This great mass of crystallme rock constitutes the

dimentarv formations
from

Traces of the sandstones and hmestones that once constituted the
south flank of the fold are to be found up MiU Creek, but they are
so badly faulted and covered with volcanic breccia (rock composed

the train.
from

mi
Mount Cowen, which has an altitude of 11,190 feet and stands 6,400
feet above the bottom of the valley.
As far as milepost 16 the raHway is on the flat surface of a terrace

50 to 75 feet above river level. This was formed by the glaciers that,

Chicory.
long ago, came down Yellowstone and Mill Creek

.028 mil

valleys and joined near the village of Chicorv The
^}^^ ^^r streams flowing from the melting ice carried large

ities of gravel and sand and dropped them in
ng it to a considerable depth. Since the ice

melted away the river has cut a deep channel in this filling, leavin
renmants of it here and mere in the form of terraces. As the terrac
was built only below the limit of th^ crl«pi^T. fl.. .o4i^„„ ;„ ^^..„.

fill

or
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EMIGRANT PEAK, THE SENTINEL GUARDING THE NORTHERN APPROACH TO YELLOWSTONE PARK.

Vicv/ ftom Chicory. Mont. Elevation of poak 10,969 foet. Height above the railway 6,100 feet. Photograph by Haynes. St. Paul, Minn.
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ROCKY GATEWAY WHICH ROCK CREEK HAS CUT THROUGH THE MADISON LIMESTONE BELOW CHESTNUT, MONT.. LOOKING EAST.

Photograph by Schlechten, Bozcman, Mont.
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Mill

mass
vicinitv of Emi

massive This rock
exliibits the yertical columnar

Emigrant. such material, and it is probable that the several
Elevation 4,887 feet, masses oi Dasait wiiicl:
St. Paul 1,031 miles.

parts of one lava fto^^ some\\'

the park and extended down the valley as far as this place. It can
be followed on the right for 3 miles, but beyond that it has been eroded

some

Emigrant the most prominent
ik (PI. XIV). which dominafps

mass

le map
moun-
ummit

stands 6,000 feet above the valley. The base of the peak is composed
of old gneiss, a rock which the traveler wiU have a good chance to

see at close range farther up the canyon, and its summit of the
andesitic breccia and lava flows that at one time probably almost
engulfed the range on the east and comnletelv submertred that on the

west. summits of the GaUatin
show on the right (west), but they are neither so rugged nor so im-
posing as the peaks on the east.

m the vicmi
of Emigrant disappears for a mile or more, but opposite milepost 28
it reappears on the other side of the river, capping a finely developed

terrace at a height of about 150 feet above the river.

At Daileys, a little farther on, a complete section of the rocks

forming the terrace can be seen, and these rocks record an entirely

new chapter in the geologic history of this region.
Daileys. They consist of white marl and conglomerate over-
Elevation 4,941 feet, j^ij^ |^y ^^j.]^ gravcl and the whole covered with the
St. Paul 1,039 miles. ,

'^
- , i^ , i i i.

sheet of basalt that was poured out upon the surface

molten lava. The white materials are kno
in

or lakes in Miocene or Pliocene time. A brief description of these

lake beds is given on page 113.

The sheet of basalt capping the terrace can be followed as far as

milepost 33, but from that point nearly to the entrance to the park

the terrace and the basalt are not present. At Point of Rocks, only

a short distance farther on, the traveler can obtain a good idea of the

kind of material composing a volcanic breccia, for th^ railway cuts

throu<?h a nroif^ntin<r noint of the breccia and it can be seen at close
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range. Here it is tinted a deep, rich red^ which adds a warmth and

beauty to the otherwise somber mountain slope.

At Miner the river valley makes an abrupt bend to the southeast

and the rocks on the right show clearly the smoothing action of the

glacier that once passed over them. Each project-

uig mass of rock has been rounded and smoothed,

srpauiioi^^^ especially on the upriver side, which the glacier

struck first in its course do\\ai the valley.

A short distance above Miner the stream passes through a narrow

rugged canyon, the walls of which are composed of gneiss and show
clearly the intricate folds into which this rock has been bent and the

character of the different layers composing it. Through most of this

canyon the tracks are on the very brink of the river channel^ and the

traveler can look down on the left into the boihng flood which dashes

and foams about the bowlders that have fallen into it from the rocky

slopes above. The grade through this canyon is very steep, but the

gorge is short and the slope of the valley beyond is more gentle.

At Corwin Springs is a hotel for the accommodation of those

who wish to use the hot waters. Above this place Cmnabar Moun-
tain, on the west, is the most conspicuous object,

Corwin Springs. ^^^^ ^j^^ wonderful structure of the mountam and
Elevation 5,133 feet, ^^g pecuhar appearance can not be fully appreciated

until the traveler readies Electric. Cinnabar Moun-
tain was named in tlie early days, wlien the briglit-red streak that
marks it from top to bottom was supposed to be due to the mineral
cinnabar, a red ore of mercury. It is now known that this red
streak, called the Devil's Shde, is a bed of shale and that there is

no cinnabar in the mountain. Almost the entire geologic colunm
of this part of Montana is here exposed, and the rocks are turned
up on edge so that they can be studied without the exertion of
making a difficult climb. The oldest rocks are seen first, as one
ascends the valley, and then others come m orderly succession,
ranging from Cambrian to Upper Cretaceous.^

' The geologic section exposed at Electric, if placed in its correct position, would
be aa follows:

reet.
ilontana formation (Upper Cretaceous) 955
Colorado shale (Upper Cretaceous) 2 775
Kootenai formation (Lower Cretaceous) 577
Morrison fonnation (Jurassic or Cretaceous) 185
Ellis formation (Jurassic) 277
Quadrant formation (Carboniferous) 200
Madison limestone (Carboniferous)

2 500
Threeforks shale (Devonian) '

240
Jefferson limestone (Devonian) 200
Cambrian .-q/^

7, 609



THE XOKTHERX PACIFIC ROUTE. 93

Electric.

Elevation 5.1S5 feet.

St. Paul 1,057 miles.

The towTi of Electric was established and extcnsiye coal mines

were opened at this place a number of years ago by the Montana
Coal & Coke Co. Some of the mines were opened

dhectly back of the town and some near the towTi

but on the other side of the mountain, and the

coal was brought to the tipple by an aerial tramway.

The coal is of excellent quahty, apparently having been improved

by the heat of igneous intrusions or by the intense pressures devel-

oped when the rocks were thrown into the great folds that are so

apparent to-day, but the cost and difTiculties of mining caused the

undertaking to be abandoned.^

At Electric station Electric Peak (elevation 11,000 feet), one of

the highest mountains in the vicinity, may be seen on the right. The
peak was so named because of a severe electric storm during its

ascent by members of the Hayden Survey in 1872. One of the men
vras severely shocked, and all the others experienced prickly sensa-

tions as if they were receiving the discharge from an electric machine.

The station and coal field took their names from the mountain.

^ The coal beds in this field are prob-

ably the same as those mined in the

Trail Creek field and at Bridger, near

Red Lodge, and formerly mined exten-

sively at Cokedale, west of Livingstonj

but the coal of the Electric field is

probably the best in Montana, The coal

beds occur near the base of the Montana

sills of igneous rocks as to be scarcely

identifiable. As shown by the map
(sheet 15) and the section (fig. 14), the

rocks are nearly flat in the southern part

of the block, but are sharply upturned at

the north end, forming Cinnabar Moun-
tain. The great block of strata consti-

tuting the coal field is bounded on all

formation, probably in the Eagle sand- |
sides by faults, and within this block

I

Cinnabar

^oao

AE>di/£ SEf^ ^£:i/£i-
iooo'

FiGL'EE 14. Cinnabar

stone. The coal field consists of a great

block of the earth's crust, containing not

only the Cretaceous coal-bearing rocks

but also all the older formations known
in the region. This block of strata

extends from Cinnabar Mountain (Yel-

lowstone River) on the north to Electric

Peak on the south, but in the south end

the formation is so altered by dikes and 1

another and small block has been broken

mass

1,000 feet. The smaller block contains

the coal mine directly back of the

town of Electric. Practically all the

mi
market being chiefly the smelters at

Butte and Anaconda. The heating \^lue

r.f f>iA f>cx^\\9. V2.270 British thermal unit^.
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Above Electric bowlders of dark basalt and the outcropping edge

of a sheet of similar material on the far side of the river indicate that

a stream of basaltic lava once flowed down the river valley at least

as far as Emigrant, Since it solidiJSed the river has cut most of it

awajj leaving the two or three remnants noted.

At Gardiner the traveler has arrived at the northern entrance to

Yellowstone Park. Descriptions of the park and the
Gardiner. principal routes through it are given in other Govern-
Eievation 5,287 feet, mcut and private pubhcations. The railroad route

sSm^^ ^^ Yellowstone, Mont,, the western entrance to the
park, is described in Survey BuUetki 612 (Guidebook

of the western United States, Part B).

MAIN LINE WEST OF LIVINGSTON^.

As the train leaves Livingston for the continuation of the westward
journey, an excellent view can be obtained on the south of the entrance

imes called the Vate
of the mountains/' West of Livingston the railway crosses the
northern point of the Gallatin Range at Bozeman Pass. This pass
was discovered by Capt. Clark, who crossed the summit on liis return
journey July 15, 180G. He expressed surprise at the ease with which
he passed from the Gallatin Valley on the west to that of the Yellow-
stone on the east. Although this is a low summit and an easy one
to cross ^^^th a wagon or on foot, it offered a considerable obstacle to
the railway, as it involved a climb from Livingston of 996 feet in 12,2
miles. Originally the railway followed the creek with an easy grade

mm
from

b uir

The mountain side on the left (south) presents many mteresting
features, especially to one not famihar with mountams. Early in
the summer light-green grassy slopes interspersed with patches of
brush or e^roves of asnAn Pvtanrl -m^j-UT-^^-iM^ fi^^ v.^^,,«4.«:« i.„ xi. . ^ . 1.

thrive
marorin

At the lower

surface

marks of old bums in which the tree trunks

*—

'

J-

Here and there

mwhitened skeleton

then are concealed by the second growth of trees. sum
m

frosts the woods are bright with color, the soft ycUow of the aspciis
blendmg with the reds and browns of the scrub maple and the oak.
Ihe lower liimt of the thnber, which seems to bA f«irl.r ^.fi^Uo \. ^^f
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controlled directly by the altitude but by tbe greater precipitation

on tlic mountain slopes than on the plains below them.

Along the new grade many exposures of the Livingston formation

can be seen in the deep cuts. It consists of chocolate-colored shale

and sandstone of a lighter shade but still showing a brownish tmge,

which is duo to the fragments of volcanic matter of which it is com-

posed. The beds are somewhat wrinkled and disturbed but generally

dip to the right, away from the mountain, at an angle of about 20^.*

About half a mile beyond milepost 121, in a deep cut, two dikes

of igneous rock are exposed cutting directly across the bedded sand-

stone and shale. In places where such dikes have cut through coal

beds, or have taken the form of a sheet or sill below the coal, as illus-

trated in figure 15, the heat of the molten rock has changed the

coal, the resultant material depending upon the conditions attending

Figure lo.—Dikc cutting coal bed and sill intnided in a position to affect the quality of the coal

the intrusion. If air is present, the coal ^viU bum out complete

if only a moderate amount of air is available, natural coke will

formed: and if little or no air is present, the coal will be baked ir

anthr this manner

W o
After a long climb the summ

east end of the Bozeman tunnel, which has a length of 3,610 feet.

Muir.

only

above the level of the railway. tunnel

Elevation 5,506 feet. i\^q ^aglc sandstoue, which was seen back of i3illii

st.Pauu,020mite.
^^^ ^^^.^ obscuTcly at Liviugston, carries coal b(

which have been prospected and mined at various places west

Livingston. As a general rule the coal crops out along the base

^ As the rocks dip away from tlie moun-

tains, as shown in figure 13 (p. 89), lower

formations than those exposed in the rail-

way cuts appear toward the south. These

lower rocks include the coal-bearing

formation which crops out in a continuous

band from Li-sdngston across the summit

to Chestnut. This formation overlies the

Colorado shale and is about eqiuvalent to

the Eagle sandstone which is so prominent

in the rim rock back of Billings. In most

places the formation is only 100 feet thick,

but about Livingston the sandstone with

its accompanying shale beds is about

.000

nun

most productive in the State, was in oper-

ation about 7 miles west of Livingston and

roke was manufactured from part of the

mine
Tailwa\

leadin;
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moimtain on the south, and the remains
seen on both sides of the track as far as Chestnut. The coal is of

account
Chestnut.

Elevation 5,270 feet.

Population 2fil.*

St. Paul 1,024 miles.

mmm
tions have ceased. Just east of Chestnut , however,
a branch line tiu-ns to the left up
and p;oes southeastward across the

Meadow Creek

summit the
mmm

throu

hi

XV,p. 91.) The exposures
are not good enough for the traveler to see all the formations that

• 1 T* .^ ««.«_m
(Kootenai

on his right hand a broad band of the same red shale as that which
produces the Devil's Shde at Electric. These rocks arc standinc^
vertical. Next comes the Madison limestone (Carboniferous)

^ which
is the ohlest rock exposed. This
massive limestone is dissolved

and cut by the streams into

towera and pinnacles,curious

im

Chestuut, Mont,

crossed in reverse order.

limestone

agmation the traveler may see

resemblances to almost any
form he desires. West of this

maze of sculptured towers and

t)

on the east side of the fold are

comparison
With those that make up the mountains, may gire the traveler some
idea of the great forces which have crumpled the rocky crust of
earth hke paper. No formation is massive enough to resist them.
At milepost 136 the train emerges from the narrow defile of Ro

Canyon and the traveler obtains his first view of the Gallatin Val
On the left between milcposts 137 and 138 are a few old buildinc^ 1

during the Indian wars. This
milit

Bozeman.

Elevation 4,773 feet.

Population 5,107.

St. Paul l,a33 miles.

Terry in 1867 and abandoned in 1887. A httle
farther on the train arrives at Bozeman, one of the
oldest and most prosperous agricultural to^vTis in the
State. Here in the heart of the Rocky Mountains,

.X. n ^^
^^^''''''^^^ ^n aU sides and protected by high ranges,

^
the Gallatm Valley, which is widely kno.vn on account of the fine^rms It contains and the exceUent and diversified crops it produces.

The Montana State Agricultural CoUe-e. situated .1 Ro..n..n h««
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assisted materially in the prosperity of the region by the introduction

of scientific methods of farming and of handhng the crops.

It seems rather strange that a part of the State so far removed
from the rcgTilar westward routes of earl}" travel and so walled in by
the mountains should have been one of the first to be occupied by

settlers. This was doubtless due to the description of the valley

given- by Capt. Clark, who discovered it in 1806. The first effort of

the whites to obtain a foothold here was made by fur traders in the

vicinity of Tliree Forks, on Missouri River, but that region, like

Kentuck}^ in the early days, was the common hunting and fighting

ground of many Indian tribes, and the trading posts were soon

swept away.

The first permanent settlement in the valley was made by John M,
Bozeman, for whom the town w^as named, and a party of settlers

whom he led into the valley in 1864. Another pioneer who entered

the same year was James Bridger,* one of the best-knoA\Ti guides, fur

^ Of all the men who renounced the

conventionalities of civilization and
T

cast tlieir lot with the fur traders and

trappers of the West, one of the most

remarkable was James Bridger. He was

well known to almost every western

explorer and settler in the first half of

the nineteenth century, hut there are

few ^\Titten records of the man himself

or of his many wanderings from Mexico

on the south to the British possessions

on the north. He was bom in March,

1804. His father, who was a poor tavern

keeper in Richmond, Va., moA^ed to

St. Louis in 1812, and so the boy grew

up in the stirring atmosphere of romance

and adventure of what was then the very

edge of the great '*Wild West. )>
It is

therefore of little wonder that at the age

of 18 he joined a party under William

Ashley to go to the mountains to hunt

beaver for the Rocky Moimtain Fur Co.,

which was organized in 1822 at St. Louis.

By 1832 he had become a resident partner

in this company and was generally

recognized as a leader among the explorers

and Indian traders of the time.

In the years from 1822 to 1870 Bridger

roamed the country from Montana to

Mexico and from the Rocky Mountains

to the Pacific coa^t, but his headquarters

were at a trading post built by him on

the Black Fork of Green River, Wyo.,

generally known as Fort Bridger. It is

said that he was the first white man to

see Great Salt Lake (in the winter of

1824-25), but this statement has never

been fully substantiated.

Unquestionably Bridger played a moat

important part in the exploration of the

West, and his chief claim for recognition

by posterity will rest upon tliis service.

He was probably the best guide in this

region and his ser\-ices were sought by
almost every leader of an exploring

expedition in the Rocky Mountains.

Capt. Gimnison says: '^With a buffalo

hide and a piece of charcoal he will map
out any portion of this immense region

and delineate mountains, streams, and

circular valleys, ' called 'holes/ vdth

wonderful accuracy." His name has

been perpetuated in many of the natural

features of the region, but the interesting

personality of the man is largely lost in

the hazy distance of a rapidly vanishing

past.

Of James Bridger's last years little is

known except that on losing his eyesight

in 1870 he retired to a farm which he had

previously purchased at Washington,

Mo., about 5 miles east of Kansas City.

Here the once eagle-eyed frontiersman

lived in almost total blindness tintil his

death July 17, 1881- Some years ago

his body was rescued from an unnamed

grave and a marble shaft was erects

over his last resting place.

95558°—Bull. 611—15 7
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traders, and scouts of the Rocky Mountaiii region from 1830 to 1870,

His Tisit here is perpetuated by the names Bridger Range, Bridger

Peak, and Bridger Creek.

Recently an effort has been made to apply the name Sacajawea
Peak to one of the peaks in the Bridger Range^ in honor of the Indian

woman who accompanied Lewis and Clark in their journey to the

Pacific coast and return and who guided Clark thi'ough the Bozeman
Pass.

The Bridger Range, which is a conspicuous feature from the

yicinity of Belgrade, consists of the upturned edges (see fig. 17) of

Belgrade.

Elevation 4,407 feet.

Population 561.

St. Paul 1,042 miles.

the rocks of the Great Plains and so is really the

Front Range of the Rocky Mountains, On its east

side are the Cretaceous and Jurassic formations that

were seen aboYC Livingston, and the crest of the

range is made up of the massive and resistant Madi-
son and associated limestones of Paleozoic age. On the western

lt?^evf|^®ffi^^^;^^^S^^

Figure n.-Uptumed Madison limestone and associated rocks, forming the Bridger Range, Mont,,
looking north.

slope gneiss simikr to that seen on the road to Gardiner and argilhte
(hard shale) and sandstone of the Belt series are exposed, but within
a short distance. thpsA rocks

Tertiary
.^ .^vj^iw«,i.iA \JxxfD ovAu uiav ttnu.

The Gallatin Valley, like tliat of the
mtermountain

m the past was this

;
sand, and gravel from the surrounding uplands and volcanic

blown out from the craters of active volcanoes in the vicinity.
appearance of white dust, being composed of fine

particles of glassy lava. account of the abunc
sediments deposited in tliis lake hare a Hgl

distance

Central Park.

Elevation 4,324 feet.

Population 178.*

St. Paul 1,047 miles.

'ark the raHway crosses West Gallatin River and on
the left is a beautiful rolling upland country, every
acre of which is under good cultivation. This upland
is_ on the lake beds and rises toward the southwest,
with the rise of the beds composmg it, to a height of
at least 500 feet above the railway. Near Manhattan
p. 112) a branch line turns to the left (south) to
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Anceiiey, Tl

Manhattan.

Elevation 4.255 feet.

Population 570 *

St. Paul 1,052 miles.

and throughout

are exposed ar

aim

gravel

rocks which

flood plain and the slightly more indurated materials
of the old lake hed3.

Near Logan the whole of the Paleozoic succession present m tliis
region is exposed across Gallatin Rircr, on the north. The first rocks

to be seen are those of the Belt series (Algonkian),
which are so far away that their character can not be
dctermhied from the tram, but the tiayeler, in the
course of his journey farther west will see this series
in many places and will have opportunitv to studv it

Logan.

Elevation 4,114 feet.

Population 481.*

St. Paul 1,057 miles.

3

at close ranee.

therefo

cks at

srreat

tiy from tl

Cambrian
The

formation: . The lower one (Flathead) is. composed
mostly of shale and sandstone, but includes a layer of massive lime-
stone through wdiich the railway passes in a deep cut near niilepost
164. The Gallatin limestone, overlying the Flathead formation,
makes a promment bluff across the river which can be seen iust as

.—Southeast

gan. The section as seen from the

g^^J

lim

Station is represented in figure 18.
. The Gallatin lim

extreme right of the section, is genera
easily distmguishable from the overlyin
nian)

, w^hich is dark and more r^istan
one of the most conspicuous members of the section, for it is much
darker than any of the other limestones, and as it lies directly below a
fairty soft shale it forms a distinct ridge or prominent spurs. It is

overlain by the Threeforlvs shale, which is conspicuous only in that,

n the limestones on either side, it forms valleys or

nag the shale is the massive bluish-gray Madison lime-ravines.

which form

le^t half
From Logan to Garrison the Northern Pacific has two lineSj

iginal line turning to the risht ajid running bv wav of Helena
mg

Helena line begii

A description of the
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LOGAN TO GAUmSON BY WAT OF BUTTE.
F

West of the station at Logan a few outcrops of Madison limestone

occur near the track, but these are soon passed; and then the only

surface features visible from the train are the broad flood plain of

Gallatin River on the north and a bluff composed of Tertiary lake

beds on the south. The character and composition of these bods and
also of similar beds found in most of the other broad valleys of the

mountain region are well shown by the bluffs on the east side of the

valley of Madison Rivei and can be seen by looking back after passing

milepost 3. Here the material is lai^gely sand and the lower layers

exposed along the terrace front are hardened into real sandstone. The
ooarse sand above is less coherent and is being used in the manufac-
ture of cement blocks. Farther south the sandstone is limited to the

upper part of the terrace, and all the material below consists of white

volcanic ash.

milepost 5 the railway crosses Mad On the right

Threeforks*

Elevation 4,081 feet.

Population 674.

St. Paul 1.063 miles

thriving town of Threeforks^ situated near and named
from the three forks of the Missouri. This place was
first visited in 1805 by Lewis and Clark,^ who named
the easternmost branch for Albert Gallatin, Secretary

of the Treasury; the middle branch for James Madi-
Secretary

t>

gneiss

Fifty miles to the south Madison River conception of the difficulties that beset
them by reading a brief quotation from
their notes written while they were at

Threeforks:

canyon. Here the river has been dammed
and two hydroelectric plants installed,

and supply current to the cities of Butte,

Bozeman, Li\-ing5ton, and Billings; to

placer mines in the vicinity of the plant;

and to the cement mill at Trident, below
Threeforks. A dam is under construction

on Madison River which will store about
350,000 acre-feet of water in what is

known as the Hebgen reservoir. It is

estimated that this reservoir when com-
pleted will increase the total present

development along Madison Eiver by
about 23,000 horsepower.

2 WTien Lewis and Clark reached this

point in their journej' up the Missouri
River, they were greatly worried by their

inability to find a pass through the moun-
tains or to meet Indians from whom they
might obtain information regarding such
a pass. They knew not where the river
would lead them, nor whether the moun-

which develop about 15,000 horsepower "We are now very anxious to see the

Pnake Indians. After advancing several

hundred miles into this wild, mountain-
ous country, we may soon expect that

will With no in-

mountains

formation of the route, we may
to find a passage across the
when we reach the head of the river^
at least such a pass as will lead us to the

Columbia. Even are we so fortunate as

to find a branch of that river, the timber
which we have hitherto seen in these

mountains does not promise us any fit to

make canoes, so that our chief depend-
ence is on meeting some tribe from w^hom

procure horses. Our consolationmay
is that the southwest branch [Jefferson

River] can scarcely head with any other

river than the Columbia, and that if any

that

can
tains

crossed. obtain

they can and have even better means of

procuring subsistence.''
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most branch in honor of President Jefferson. The western branch,
by reason of the volume of water and its greater length, is generally
regarded as the real head of the Missouri.

It was here that Sacajawea, the Indian woman who was the real

guide of the expedition, found the place of her capture several years
before. In recognition of her services in the early exploration of the
country a bronze tablet, presented by former Senator W, A, Clark, hns
recently been placed on a large bowlder in the pubhc park of Tlirw-
forks by the Montana Daughters of the American Revolution.

Beyond Threeforks the railway leads up the broad flood plain of Jt^f-

ferson River and is paralleled by the Chicago, 3klilwaukee & St. Paul

Railway as far as Cardwell. The flood plain is com-
posed largely of sand and gravel washed down from
the mountains on either side, consequently the soil

is thin and the region not well adapted to farming.

At Willow Creek, however, soft lake beds cover the

coarse gravel, and the country is more fertile.

Beyond Willow Creek the railway approaches the bluffs on the

south side of the valley, which consist of quartzite, shale, and lime-

stone, of the Quadrant formation, backed by a higher ridge of Madison
limestone. At milepost 17 the river flows in a narrow canyon through

a point of this limestone which projects into the valley, and the two
railways follow the passageway that the river has cut through the

hard rock.^

Willow Creek.

Elevation 4,165 feet.

Population 333.*

St. Paul 1,070 miles.

* It is by no meana uncommon to find

that a river lias cut its way through hard

roct which it might have avoided by
pursuing a slightly different course. The
explanation for Jefferson River lies in the

fact that when the present course wae
established the valley was not cut to its

a deep channel in the soft rocks of its val-

ley bottom and revealed the hard rock

beneathy but is was confined by walls of

its own slow cutting and could not dodge

aside when it encountered a more resistant

rock. As the channel wasworn lower, the

stream became intrenched so deeply in

Figure 19.—Diagram to explain the course of Jefferson River vest of Willow Creek, Mont. The
river cut through soft lake beds (DUF) to hard llmastone (AB), but was then so deeply intrenched

that it could not avoid the hard rock.

present depth, and the hard limestone
that now seems like a barrier in the path-
"way of the stream lay concealed below
the surface. Under such conditions the

Btream wad free to meander from side to

eide of ita flat-bottomed valley, and one
of its loopa waa located directly above the

limestone ledge. In time the stream cut

thia hard tock as to make direct ew^ape

impossible, even after the whole aspect

of the country had been changed by

erosion and easier routes which the river

might have taken had become e\ddent.

The situation is represented by figure

19, in which ABC represents the cro^

section of the valle3'' which one sees on
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From
river for a mile or so and then turns up Antelope Creek to Norris and

Pony, A short distance beyond the station the
Sappington.

Northern Pacific crosses the St. Paul line, and from
Elevation 4,205 feet.

St. Paul 1,076 miles.
this point on through the canyon the Northern
Pacific is on the north side of the river. About 2

nil

from the great mass In this

crust

disturb

limestone

forced into their present positions.^ Here again the stream has cut

from
as

by keepmg on the soft rocks farther north.

Beyond this canyon the river flows through an open valley com-
posed of Jurassic and Cretaceous rocks which the travolnr will VinrrllTr

fr

CRETACEOUS

Figure 20.- Section of great anticlinal fold near Lime Spur, Mont., as seen from the Northern Pacific
Railway, looking west.

from m
deepest and most picturesque canyon on this part of the hne. The
rocks in this canyon are in the form of a great anticlme, as shown
in figure 20, but the fold is so large and so badly broken that
its form is difficult to determine. This fold hns b^An r^mrTn^^rl K.r

looking west, with the limestone ridge
AB projecting into it from the left. \\Tieu
the present location of the river was deter-
mined it was flowing on the top of the lake
beds, on. a surface represented by BEP
which was smooth and with no irregnlari-

tiee to prevent the stream flowing in any
part of the valley. Let us suppose that
it was located at E; then some change
occurred, such aa an elevation of the land
or an increase in the volume of water,
either one of which would give the stream
greater cutting power, and it beean to

e into

trench the soft material over which it

flowed. As it cut deeper it cam
contact with the limestone, but the
stream was intrenched in its course and
so maintained its position, cutting its

way down to G, its present level.

The soft rocks upon which Jefferson
River assumed its present course are the
Tertiary lake beds, which probably filled

the valley to a depth of several hundred
feet.

^The peculiar relations of the several

formations, as seen iu the small canyon
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pressure from the north so great that the rocks have broken, as

shown in the diagram, and the Paleozoic formations on the north
have been pushed over the Cretaceous formations on the south. Such
a break is called an overthrust fault.

The main part of the arch visible from the tram is composed of

Madison limestone, which is first seen from a westbound train at

a point between mileposts 25 and 26. As shown in the diagram, the

limestone at this place is only the broken fragment of the south side

of the fold which has been nearly removed by the fault that crosses

at the small loading platform on the right. The limestone at this

place is overturned, dipping to the north, and it is probable that if

it could be followed downward it would be found to grow thinner

(beveled) and finally to be cut off altogether by the fault.

At milepost 26 the Madison limestone gives place to the under-

lying Threeforks shale (Devonian). The upper shaly part of this

formation is covered so that it can scarce!}' be seen, but the lower

part, consisting of a conglomerate composed largely of red granite

debris, is seen in rugged cliffs on the east side of the track.

In the high mountain on the right there is said to be a wonderful

cave in the Madison limestone, which has not yet been thoroughly

explored. A quarter section (160 acres) of land, including the cave,

was set aside by President Koosevelt on May 11, 1908, as the Lewis

and Clark Cavern National Monument. The cavern, however, is so

nearly inaccessible that it has been visited by only a few of the more

hardy travelers.

Opposite Lime Spur, 8 miles west of Sappmgton, the beds of

Madison limestone outcrop along the canyon, wall Uke great white

ribs, makmg some of the most rugged scenery to be
r ^^^ ^^^

found on the road. The limestone is quarried exten-

sively at this place and shipped for the manufacture

of cement.

West of Lime Spur the Madison limestone gives place to the Quad-

rant formation, which is well marked by the bright-red color of some

of ,the limestone and shale beds that it contains. Beyond this band

of bright color is a small" exposure of Jurassic rocks which are cut

Lime Spur.

Elevation, 4,260 feet.

St. Paul, 1,084 miles.

off by an inmiense overthrust fault, showTi in figure 20. This fault

separates the rocks already described from conglomerate and argilhte

west of Sappin^ton, could have been pro-

duced only by folding and faulting, whicb

wore the resulte of strong forces that

crowded the rocky layers into this region

from both the north and the south. This

caused, them to buckle along east-west

lines, much as a pad of paper will buckle

when grasped by the hands along two

Theopposite edges and compressed

.

compression which affected the

rocks in this canyon produced at least

three upward folds or anticlines, and as

the movement was strongest from the

north the folds were pushed over toward

the south. As the pressure continued the

rocky folds were broken, crushed, and

crowded together into the positions shown

on the west side of the river.
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(slate or hardened shale) of the Belt series (Algonkian). The rail-

nearly a mile and tlien entc

Boulder and Jefferson rivers.

formation

from
with

Cardwell. ^^^^ ^^^^
Elevation 4,291 feet.

^ _- — ^^^^^ , ^^^j u, iiKUio casi/ ui LUIS piace
and the mountainous barrier that has apparently

^ of the stream. It

srpnni i,ofmni ^^ evident that either the mountains have risen across
the vaUey, or the vaUey about CardweU has been

depressed far below its former level, or perhaps both of these move-
ments have taken place. As the river has succeeded in cutting:* a

mass, tlie movement must
am

some
The vaUey of Jefferson River, although little above water level is

n

riGURE 21.—Diagram of braided stream.

In flowing tlu-ough this fiat-bottomed valley the river is not confined
to a smgle channel but breaks up into a number of channels, which

in turn branch and unite in a com-
plex and confusing manner. Such
a system of interlacing channels
is called a braided stream. It is

caused by the shght fall of the
stream wnicn prevents it from carrying away aU the sediment swept
in by the numerous tributaries. This material chokes the stream and
forces It to spread mto numerous shaUow and shiftmg channels
rescmbhng the strands of a braid, as shown m figure 21
The Tobacco Root Mountains are prominen't on the south, at

CardweU, and Bull Mountain on the. north, though the latter is less
conspicuous than the former. The end of BuU Mountain nearest theradway is composed of the Belt scries, with the Tertiary lake beds

far

lappmg in around its base. Th
tains is too compUcated to describe here, and thrr7(
distant that they can not be recognized from the train.

fh I ""'fTl ' 1"^"° ^^^'^''' ''^''^ ^^ <^^^^^^'^li i« o^ -^^ inland in

I md .'nd T f^^^'t?.^*
^^>^«"d ^^^il^P^^t 36 it crosses to the main-

ulrlf. r'-l ""i
" '''\"" '''''' "^ *^^ ™^^^-d journey.A thi. place the railway leaves the trail of Lewis and Clark for they

^^:':F^^-^'-^-' '^^ -thwest, whereas the N 'Z

test.
modern

means

another n;s^.tr ""

.
^^ ^^' ^^^^' ^"^ ^^^^^Y *« ^^^kanotner pass in the same range ahead.'
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At Whitehall a branch of the Northern Pacific turns to the left,

going up the valley of Jeiferson River to Twin Bridges and Alder.

The town at the end of the line was named from
WTiitehall. Alder Gulch, which was one of the most noted placer
Elevation 4,371 feet, camps in the jears immediately following its dis-

st^Pauu^s miles,
^ovovy in 1863. It is said to have yielded at least

S60;000j000 and is still producing in a small way.
Alder Gulch lies near Virginia City, at one time the capital of Mon-
tana. West of Whitehall the road begins the ascent of about 2,000

feet to Homestake Pass, on the Continental Divide 23 miles awav.

Jiist beyond Whitehall the low hills on both sides of the track are

composed of soft lake beds which are particularly well exposed just

west of Pipestone. In the valley some distance to
Pipestone. ^-j^^ south there are hot springs and a hotel. West of
Elevation 4,720 feet, Pipestoiie the cuts aloug the railway show a fine-
st. Paui 1,012 miles. . , T . 1 / ! •. X mi • •

gramed, dense igneous rock (andesite). Ims is part

of a large body of similar rock that lies to the right (north) of the

railway and east of the great mass of granite that forms the Conti-

nental Divide. Most of the andesite was poured out over this region

as lava when the surface was very different from that which the

traveler sees to-day, but some of it was intruded from below mto the

older sedimentary rocks. The volcanic activity which gave rise to

the andesite took place long before the granite was mtruded^ as is

proved by the fact that near Pipestone the granite includes frag-

ments of the older rock which were broken off and mixed with the

molten granite as it ascended through a fissure in the rocky crust of

the earth.

K'ear milepost 48 "the railway enters the great area of granite which

extends northward along the range to Mullan Pass, west of Helena.

The gi-anite (quartz monzonite) came up from below in a molten con-

dition, forcmg the rocks asunder or melting them as it came. It

probably did not reach the surface, but since it cooled and sohdiiied

it has been exposed by the streams, which have removed the ever-

lying rocks and cut deep ravines in the granitic mass.

Ab the slope is too steep for a direct ascent, the road winds out and

in, around projecting spurs, and up into the heads of valleys, but

ever climbing toward the top. On the hills and upland the slopes

are smooth and gentle, but in the gulches they are rocky in the
4

extreme.

Near milepost 50 the traveler, by looking ahead on the left, can

see a bare dome of granite, known as Spire Eock, the base of which

the train will pass farther up the grade. Other knobs or domes of

gray gi-anite appear from time to time, standing above the general

surface. These landmarks resemble the domes of Yosemite Valley,

which are formed of similar rock. Such domes and indeed the great
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anumber of rounded forms which the granite assumes on weatherii

are due to the facts that the corners and edges are more exposed to

the attacks of weather than broad surfaces are, and that this rock,

which is popularly regarded as the type of stabihty^ readily disinte-

grates or falls to pieces on exposure to the atmosphere. At many
places along the track the granite has been reduced by weathering

to fine fragments called ^^sand,^'

summit
face, on which the granite is deeply decayed, indicating long exposure

more
are jagged and irregular. The difference in the two s

seen near milepost 56, where the railway leaves the smooth surface

of the upland and enters a gorge which is cut below the general level

and which is marked by ^blocks of all sizes and shapes, including
domes, towers, and pinnacles that seem to be scattered over the
ground in hopeless confusion.

This

which is remarkably free from rugged peaks. Although

about 100 or 150 feet above the raihray track.

mount

This

o to Missouri

Homestake.

Elevation 6,345 feet

St. Paul 1.118 miles

m
i^ivme, lor ii is no more conspicuous than many of
the other ranges in sight. In fact, the Kocky Moun-
tains are a great complex of mountain ranges, no one

of which dominates the others to any extent. On the west side of
the Homestake tunnel can be obtained a better I'cahzation of heicrht

m
one can look dowTi to the left 1,000 feet to the vallev, seemingly almost
vertically below.^ (See PL XYI.)

^ The difference in the ai>pearance of

the two sides of the Continental Divide
is. very striking. On the east side the
slopes are gradual, so that the railway
can follow, almost directly up the old
smooth slope, but on the west the slope
is so precipitous that the road must be
graded along the rocky mountain side for

8 or 9 miles in order to get down to the
valley floor. So steep and
front bordering a broad, flat valtey
gesta some other mode of origin than
erosion, w^hich is the normal agency in
the production of mountains and valleys.
It giA-es the impression that this range,
instead of owing its relative height to the

regular a

sue:-

carving out of the valley by rain and
streams, is really separated from the low-
land by an actual break in the rocks and
has been lifted bodily to its present posi-

tion, or the valley has been depressed
with reference to the mountain. If the
rocks along the mountain front south of

Butte are examined, e\idence will be
found to show that there has been recent
movement in them and a break (fault) or

series of breakii along the west face which
allowed the great block of strata on the
east side of the fault to be raised at least

1,000 feet with reference to the strata

on the other side. The steep mountain
front is therefore the cut ed^e of a threat
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VIEW LOOKING WEST FROM HOMESTAKE SUMMIT, MONT
The roadbed is cut in ^rranito along tho steep mountain side nearly 1 000 feet above the bottom of Silver Bow VaUoy. The Continental fault is at the bottom of the

Slope. Photograph by Haynes, St. Paul, Minn.
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SILVER BOW CANYON, MONT.

Recent gorge cut by Silver Bow Creek, which was forced to take this course by the lilling of its old valley to the north by lake sediments.
Butte Photo View Co., Butte, Mont.

Cliff of red lava (rhyollte) on the right. Photograph by
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winds in and out around the spurs of the mount
through In the

mile
Butte,

hill

EJevation 5,490 feet.

Population 39,165.

St. Paul 1,128 miles.

Its general appear-
ance is most desolate. Bare, brown slopes, burnt
and forbidding,' from which all vegetation was long
ago driven bj the fumes from the smelters, rise from

an almost equally barren valley. The slopes, even in the city, are

gridironed by railway tracks leading to the different mines, and great
mine buildings, tall smokestacks, steel hoist frames, and the heans

of the landscape. W
Butte, from which th

mines

is the sharply conical liill, Big

1 name. If the traveler enters

Butte in the evening he ma}' obtain a beautiful view of the lights of

block of rock that has been tilted gently I the part on the right rising about 1,000

to the east, and the time since it was
raised to its present position has not been
Buflicient to permit the streams to cut

deep ravines on it.

The tilting and lifting of this block of

strata have disarranged many of the
streams, causing some of them to S.ow in

opposite directions from those wliich

they piu^ued prior to the uplift. It

seems probable also that the block west
of the fault was depressed at the same
time, for it is difficult to understand how-

feet. Now the mountain top, instead of

being at B, is at D, more than 1,000 feet

above the valley.

Although the main movement that

raised the Continental Divide to its

present II i:;itibn is supposed to have

ceased, there still appears to be slight

mo^'ement in the rocks under Butte.

Many underground water pipes have

been broken, and considerable difficulty

has been experienced from the irregular

settling of foundations. For a long time

a

Figure 22.—Diagram of Continental Divide east of Butte, Mont. Before faulting occurred the divide,
as shown by the broken line ABC,v/iis an upland of slight relief and no higher than Butte is to-day.

the headwaters of Silver Bow Creek I these

could be ponded and produce the flat attributed to the extensive mine workings
that can be seen from the train, unless it

Were the result of the downward tilting

of the block west of the fault. The con-

dition is illustrated by figine 22, in which
the cross profile of the range before the

faulting occurred is represented by the

line ABC. The surface around Butte
showed little relief, the mountain north
of Homestake Pass being only a few
hundred feet high. Then came the break

slight movements have been

along the line indicated by the arrows, are moWngand, if so, at what rate.

beneath the citv, but on close studv it

was found that water pipes were broken

in parts of the town far removed from

any mine. This suggests that there may
be movement along some of the old fault

planes. The United States Geological

Survey has run some very exact levels

and has set a number of bench mark;5,

so that in the future it can be told posi-

tively whether the rocks under the town
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twinkliiisr throuirli the amoko

all

When the smelters were pouring out their destructive fumes there

was not a spear of grass nor a green leaf visihie; but now most of the

ore is smelted at Anaconda and Great Falls, and the valley is gi^adually

recovering some of its vegetation. Of the city itself perhaps no

better description can be given than that contained in ^^ Along the

scenic liighway/' a pamphlet issued by the Northern Pacific Co.:

Butte is unique amoug the cities of the world, possessing all the united

wealth of its tremendous copper deposits, with thousands of well-paid miners. With

a large and growing trade in commercial lines, it is an odd and interesting combina-

tion of frontier mining camp and modern city, smoke-begrimed manufacturing point,

and an orderly, well-kept residential center. It is a city of glaring, violent contrasts,

where money seems quite the easiest thing to obtain, where men work furiously and

spend the proceeds of their labor with open hand, where the fine instincts of modern

city life struggle constantly with the old order of things, and where the mining camp
and twentieth-century municipality have been mixed into one rugged mass but have

not yet quite blended. Butte boasts with reason that it is the greatest miiung camp
in the world and may with equal reason boast of its achievement as a modern city.

The positions of the famous copper mines are indicated hy the

great shaft buildings and tall smokestacks in and about the towoi.

Underground the rocks are honeycombed with workings^ and day
and nighty without cessation, the work goes on at depths which in

some of the mines reach 3,000 feet. Up to the present time the

value of the metal output of the district has reached the enormous
sum of over |'1,000,000;000. The ore is found in the granite, but
the highly mineralized rocks are confined to an area only a few
square miles in extent. The mining conditions are described below
by B. S. Butler.^

Butte was at first a placer camp, and time Marcus Daly arrived in the district

the district was named the Summit Val-

ley district on account of its nearness to

the Continental Divide. This is still the

official name of what is commonly called

the Butte district. Gold was discovered

in gravel near the present site of Main
Street in 1864, and in the next few years

the district produced gold to tlie value

of about $1,500,000. While the placers

were being operated, efforts were made
to work the quartz veins for silver, hut
without success. About 1875, however,
attempts to work these ores were renewed,
and the Dexter 10-stamp mill was erected,

but important production did not begin
till 1876, when the mill was completed
by W. A. Clark, later United States Sen-
ator from Montana. About the same

and began operations in the Alice mine.
The camp developed rapidly, and for

many years these two men were promi-

nent in mining enterprises in this district.

The district continued to be a large pro-

ducer of silver ore until the decrease in

price of that metal in 1893 caused many
companies in Butte, as elsewhere in the

West, to cease operations.

The presence of copper minerals was
noted in the district probably as early as

placer gold or the silver veins, but under
existing conditions there was little in-

ducement for prospecting the copper

veins. Nevertheless some unsuccessful

attempts to smelt the copper ores were

made in 1866, and early in the seventies

some copper ore wafl hauled 400 miles to
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In the oarly days Biute, like tho other mmhig camps of ]vIontana,

from as the
only way to get supplies was to have them brought up the Missouri

teamboat;
team over the mountains to the camp, and the metals produced had

Corinne, Utah, whence it was shipped
by rail to smelters in other parts of the
country.

The first successful smelter in this dis-

one-third of the total copper output of the

United States. It has produced also

$26,268,500 in gold, 275,119,000 ounces of

silver, 11,300,000 pounds of lead, and
trict was put into operation about 1880

[ 181,540,000 pounds of zinc- The values
by the Colorado & Montana Smelting
Co., and this was followed by a rapid de-

velopment of the copper industry. Pro-

duction was greatly stimulated in 1881

by the completion of the Utah Northern
Railroad (now Oregon Short Line) to

Butte, followed a few years later by other

railroad connections. The first smelting

plants were near Butte, but in 1883 the

Anaconda Co. began the construction at

Anaconda, in Deer Lodge Valley, about
27 miles from Butte, of a plant which has

bacome one of the largest copper smelters

in the world, its capacity being 12,500

tons of ore a day. It was rebuilt in 1902

at a cost of $7,500,000. About 1893 the

Boston & Montana Co. erected a plant

having a daily capacity of 4,500 tons at

Great Falls, where the water power of the

Missouri is available. At present there

is but one smelter near Butte, that of the

East Butte Copper Co.

In recent years the development of

large bodies of zinc ore at Butte has led

of these *metals are as follows:

Gold $26,268,500

Silver. 191,765,300

Copper 865,794,300

Lead 513, 500

Zinc 12,093,600

1, 096, 435, 200

A large part of the output has come
from an area of but a few square miles,

which so far as value is concerned, has

undoubtedly been the most productive

metalliferous area of its size in the world.

In recent years some arsenic has been

recovered from the smelter fumes and
small quantities of the rarer metals have
been recov^ered in the electrolytic refining

of the copper.

The metallic deposits at Butte occur

near the western border of an of the

granitic rock technically known as quartz

monzonite. Near Butte this rock has

been intruded by dikes of light-colored

siliceous rocks known as aplite and rhyo-
to the construction of plants for its lite- The Big Butte and a large area

concentration, and the mill of the Butte

& Superior Co. has successfully demon-
im

ores.

northwest of it are composed of rhyolite

that has risen through openings in the

older rocks and covered the surface.

The rocks in the vicinity of Butte have
The efforts to apply to the complex been broken by many faults and fiissurea,

and enormously valuable veins at Butte

mi
permits the owner of the upper part

(apex) of a vein to follow his ore under

the surface of adjoining claims has bur-

dened the district with protracted and

costly litigation, to an extent probably

mining

parts

The
than any

"World, the total output to the close of

1913 being 6,154,196,000 pounds, or about

the greatest of which is the Continental

fault, described on page 107. Longbefore

the break of the Continental fault and

soon after the intrusion and solidification

of the granite, the rocks were broken by
one series of fissures and faults ha\'ing a

general northwesterly direction and an-

other series haAing a general northeasterly

du-ection- Water carrjing minerals in

solution rose along these fissures and de-

posited the ore in part as a fillii^ of the

fissuree and in part as a gradual replace-

ment of the rock adjacent to the fi^ur^-
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same The city is now
transcontinental lin

Aft

name from a party of prosnectors who, in

Yalley They had an extended
name

ihin

oimd the mountain
&

Bow. time

.milarity

The composition of the veins sho^s a

progressive change in metal and mineral

composition from a central area out"R'ard.

The central area contains mainly copper

ored. These grade outward into ores con-

taining increasing quantities of zinc, lead,

and silver, together with abundant man-
ganese minerals, and showing a decrease

in copper, until in the outer zone the

ores are_ valuable chiefly for their silver,

gold, and zinc content.
r

The veins at the surface have all been
highly oxidized, and fromi some the cop-

per has been leached to depths of several

hundred feet. In mining some of the

veins have been followed to a depth of

3,000 feet and show little change in min-
eral composition after the first few hun-
dred feet. In fact, in many veins the
change in depth is less striking than in

an equal distance horizontally.

In the early days of copper mining in
the district the ores extracted were of
high grade and were smelted direct.

Later large bodies of low-grade ores were
mined and concentrated at the plants at
Anaconda and Great Falls, and the result-

ant concentrates smelted to recover the
metal. More recently a plant has been
constructed at Anaconda for leaching the
tailings from the concentrating plant to

recover the copper lost in the operation.
A plant has also been placed in operation
at East Butte, by the Butte & Duluth
Co., to leach the copper from oxidized
ores. A portion of the copper from Butte
is electrolytically refined at Great Falls,

but the greater part is sent to the Atlantic
seaboard for refinir^. The water from
the mines carries a considerable quantity
of copper in solution, the metal being
recovered bv nrprinlt'itinTi r^n ^ia u—

^ The railroads were naturally anxious

to get the trade of such places as Butte
and made every eSort to reach them at

the earliest moment possible, Wliile

the Northern Pacific was pusHng its

line from the east and from the west, the

Utah Northern, now the Oregon Short

Line, built into the district from the

south, the first train arriving December
21, 1881. This road gave direct connec-
tion with the Union Pacific. Although
the Northern Pacific had through trains

running by way of Helena in 1883, not
until 1888 did it make a A^gorous effort

to reach Butte. At the same time the
Montana Central Railroad Co. was or-

ganized, and both it and the Northern
Pacific began to build parallel lines from
Helena to Butte. There was great

rivalry in the construction work, but as

the Montana Central, now the Great
Northern, succeeded in getting its line

through first, the Northern Pacific line

was abandoned after it had been built aB

fax as Boulder. The Montana Central
line from Helena to Butte was opened for

traffic on July 12, 1888.

The Northern Pacific, however, did
not give up the project of reaching Butte
and a few years later built a line from
Logan, giving the camp a direct outlet
to the east, but still there was no main line

through the camp. On September 8,

1893, the Montana Union Railroad waa
completed by Union Pacific interests

from Butte to Garrison, thus giving a
direct outlet to the west. Tliis line waa
used jointly by both the Union Pacific

and the Northern Pacific for a few years,

but eventually it passed into the hands of

the latter, and it ia now one of the main
lines of the system.
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milei

The valley is wide, the immediate hills are

gentle and rolling. At Silver Bow station, 7

Oregon Short Line (Union Pacific) turns to the
saver Bow.

j^£^ (south) and after a short climb crosses the sum-
Eievation 5,345 feet ^[^ ^t Deer Lodge Pass. Beyond Silver Bow
St. Paul 1,135 miles. . . n • #. i • r

station the valley continues open for a distance of

4 miles to a point where the stream enters a very narrow, rugged

canyon cut in massive rhyoUte, a volcanic rock that covers much of

the country west of Butte. The rock when freshly broken is nearly

white, but under the influence of the weather it turns to a deep,

rich red, which gives a pleasing rehef to the somber-gray color of

the granite to the east. The Butte, Anaconda & Pacific Railroad

(recently electrified) and the Chicago, Milwaukee & St* Paul and

Northern Pacific railways also occupy the canyon, which, on account

much congested, (See PL X\
from ts ruggedness and picturesqueness this canyon has

an added interest because it owes its origin to the filling of the

original valley on the north with lake sediment and the cutting of a

new course by the stream, similar to that of Jefferson River, described

on page 101. After the disappearance of the lake Silver Bow Creek

came into existence, and on the swampy bottom of the lake it

meandered broadly. In its windings it had assumed its present

position, when, through the elevation of the land, it gained cutting

m to deepen its channel. In doing so it encountered

the rhyolite, but it continued to cut, and the canyon is the result.

At Durant the train emerges from the canyon into a valley much

broader than the one at Butte or Silver Bow. This, the renowned

Deer Lodge Valley, is much too large to have been
Durant. carved by the stream now occupying it. The eastern

Elevation 0,174 feet, traveler has doubtless noticed that the valleys in
aui 1,142 miles,

^^.^ region are generally different from those with

which he is familiar, VaUeys that are the result of stream erosion

have generally a width that is roughly proportional to the size of

the stream, and as a rule they decrease in size toward the head of

the stream. In the northern part of the Rocky
Stuart.

Elevation 5,006 feet.

St. Paul 1.146 miles.

m
portion to the size of the streams occupying them,

and hence it does not seem probable that they were

formed alone by the erosive action of the streams.^

The most conspicuous artificial object in the Deer Lodge Valley

is the f/innt stack of the Anaconda smelter on the left (west), 350

^As the origin of many of the broad

valleys of the northern Rocky Mountaiiis

ittri

faanife;

duced by movement in the earth's crust,

either the direct subsidence of the val-

ley itself or the elevation of the surround-

ing mountain masses. Subsidence may
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smoke

train

to sec mucli of the to\ra, whicli is reached by a spur from, the main

line at Durant, but he is soon made aware of the effect of the waste

waters from the concentration plant, which have flowed down the

creek and killed most of the vegetation. Back of the smelter is

Mount Has^dn, named for James B, Hacrsrin, who for many years was

prominent On the west side of the

Talley farther north is Racetrack Peak, which stands like a senti-

ms" An
population of 10;134.

have been accomplished in one of tliree

ways, as illustrated "by figure 23. In

this diagram AB represents a section

across a country with a hilly surface. A
broad valley may be formed by a simple

depression of the region, as illustrated

fault, as shown in FG, Here the block

of strata on the left has been tilted toward

the right and at the same time dropped

along the fault HI until a depression and

lake are formed. The third and last case

is that of a block of the earth's crust

riGUBE 23 Diagrams iUustrating the ways in which the broad valleys of the Kocky Mountain region

were formed.

by CEj in which the center D is depressed

so much that the tops of the hillg fall be-

low drainage level. In such a case the

depressed portion becomes a lake, and
the lake is finally filled by waste material

washed in from the surrounding region.

Similar results mav be r>roduoed hv a

dropped between two nearly parallel

faults, as shown in JK.
Deer Lodge Valley was probably pro-

duced by one of the three methods de-

scribed above, but by which one can

be told only by close examination and
mapping.



BULLETIN 611 SHEET No. 16
> .p^-H . r J K- "-p

1 1 Z 30' Sheet No n 11130' MONTANA

,'.1

t:

\;

t

Radersburg
'2^

/,

^Z^ w\\^

Shee.fNQ.l8

-^

\.

f/

C^^vf'

KfU

<S
\\

t

.e--

> m^^

V

^-^' / m^.
.1 L

if\

^
'alker V, /^

.^.- ^>4 /

' /
r M

.'^'^ -J
~^/ ., S

T
:Tv-

xiiV,
fC

to .>'

^^dfIf
c

,^.

M
d.

fNTALS
Ba

f^ i>j

Po\^ .<

'L
^^ ^.

^^
;f:r

y.

- J 1
1^

(

'_, .^

J/? -. - .->

GEOLOGIC AND TOPOGRAPHIC MAP
OF THE

NORTHERN PACIFIC ROUTE
From St. Paul, Minnesota, to Seattle, Washington

Base

I alignments

Railway Con
irmation collected with the assistance

UNITED STATES GEOLOGICAL SURVEY
GEORGE OTIS SMITH. DIRECTOR

David WTiite. Chief GeoIoKust R, B. Marshall, Chief Geographer

1915

Fach quadrangle shown on the map with a name in parenthesis in the

tower left corner Is mapped in detail on the U. 5. C. S. Topographic

Sheet

"^ iS: 1*^

'jd

iU-
y s.^

^/^oulh^utti

\ .-.V 1 L

\

^

'C^

*^ \

v:^
o

'>#v. 11; iO_
\

'^M. i'

iS'

V 1^

'^-- ^
\\ \ ~ .^)j

t^ \

X'

f^

Ik Ptpftstone

A
y

^yS

.*3^y

rL

.'».-

o

V

J y?)
f^AUfffS VQ

r.

1

'ij)

gVendonne

\,

lO'

o

- 1^ K^ /,

»'^

A' * J

v
Ta b 1 fe 'vU(^

\

EXPLANATION
Thick ness

fo

Stream deposits {alluvium)

Gravel, sand, and volcanjc ash
flake bedsj

(bark shale, t Colorado)

Sandsiuue arni reu shale
''K*M>teiiai formation/

I Impure limestone and cjuartzite

L (EUis formation j

(Sandstone and impure limestone T
n < (Quadrant formation) r

tMa.s.sive blue limestone <Madison)J

(Shale and shaly limestone")
I \ iThreeforks shale) >

lj)ark Hmestime f Jefferson)]

pLimestone '^ Gallatin * 1

J -(Shale, limestone, and sandst(jne>-

t, I Flathead formation) J

L Shale, Umt.st*me, sandston**. and
conKiomcrate ' Holt series '

M Gneiss and schist

in feet

Quaternary"

2,000 Late Tertiary

1,900 Upper Cretaceous

Lower Cretaceous

Jurassic

1,800 Carboniferous

\'

>>>!

T

1,000 Devonian

f'al"''\\ V

^/

/

\

I

/

/

I

r-

f i

;-/

' >!S

^-^
/-

/

/

v
\

/

i '>

/
t-

£13 rW

M

\

\

L

\

\

\

ncfe

-rv %
'/-:.

^
^

.iy

'y

er .0 \ro
wr

.V

.R^t 'b^mS
i-*^

(

*.'#/•

' Lafte. bed

Amsterdam
.0

rtn

..j^
f

Q.

^
' M

M

^ Gr^eiss

"liltMorns

1.300 Cambrian

a000 Algonkian

Archean

R Lava flows, dacite, and rhyoiite

S Granite, intrusive

T Lava flowsnnd intrusive masses, andewite

I

lUlX L

1

Scate 500,000

Appro){imately 8 miles to I inch

'S 10 '2QHi\9^
30'

I O aOKitometers

Contour mterval 200 feet
€L£VATfONS ;W FE€7 ABOVE MEAN SEA LE)/EL

The ift'suiKes from St- Piu/. Mina^aotM. are ihown •very fO mil%s

The crossties on the rtnlronds are spaced I mile apart

lia so- il I 30'

S'"j A^ QV ^



THE koethee:n' pacific route.' 113

town of W
sprin

Warm Springs.

Elevation 4.832 feet.

Population 866 *

St. Paul 1,153 miles.

a copious flow of water. The valley floor is several

miles wide and is so flat tliat much of it is swampy.
The hills on the right (east), about 500 feet high,

are composed of light-colored clay and volcanic ash

and arc remnants of the Tertiary lake beds that

once filled the valley at least as high as the top of these hills. These
materials were deposited in a great lake, which occupied this valley

at the same time that similar lakes occupied the GaUatin and Madi-
son vaUcys to the east.*

^ There is no more interesting sub-

ject in the geology of the mountain

region of Montana than that of the lake

beds. They imply conditions which at

-thatfirst sight seem to be anomalous-

ie, extensive bodies of water in a rough

mountainous region. As shown by the

map of western Montana on sheet 18

(p. 134), lake beds have been found in

practically every valley from the Yel-

lowstone on the east to the Bitterroot on
the west, but they have not been ob-

served in many of the valleys north of

Blackfuut River. It therefore seems

fairly safe to assume tliat iu Tertiary time

lakes existed in nearly every mountain

valley in the State. Many of the valleys

that to-day are separated were doubtless

connected through the canyons, but in

such locations the material deposited in

the lakes has been removed by the swiftly

floTving streama. In other valleys the lake

sediments that were once continuous

have been separated by the breaking of

the earth's crust into great blocks and the

tilting of theae blocks in various direc-

tions. Although the distribution of the

materials that were laid down in these

lakes indicates that many of them were

connected, a study of the bones of animals

that lived at the time and were buried in

the mud and sand of the lakes indicates

tliat the lake-forming conditions extended

over a long period of time, some of the

fossils being of Oligocene, some of Mio-

cene, and some of Pliocene age» It is

generally supposed, however, that most

of the lakes were in existence in the

Miocene epoch.

Lakes are abnormal features and have
no place in the orderly development of a

drainage system—that is, when a drainage

system is established on the land there is

no tendency in the action of the streams

to form lakes, and when such features are

formed they are the direct result of some

interference with the work of the streams.

Most lakes in mountainous regions are

due to the action of glaciers, either in

scouring out rock basins or in damming
valleys with moraines or with the outwash

of sand and gravel from the front of the ice.

If the old lakes of Montana were due to

the action of ice, there would remain some

trace of the glaciers that did the work and

of the great dams which they must have

built. Dams formed by landslides or lava

flows would likewise leave some evidence

of their existence, and they could not

have been so extensive aa to pond the

water in all the principal valleys opening

out on both sides of the range.

The wide extent of the lakes seems at

once to rule out all local causes, so it is

necessary to appeal to some cause that

would have been operative throughout a

wide region and that would have been

adequate lo produce such results. The

great regional cause that is fully comi^e-

tent to pond rivers or produce lake basins

is movement within the crust of the earth

whereby one area is raised or depressed

with relation to another. To the geologist

thft historv of the earth, so far as it has

95558^--Bull. 611—15 8
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Beyond Wami Springs the valley of Clark Fork continues broad and
flat; in many places near the stream it is swampy, but on the terraces

Race Track.

Elevation 4,710 feet.

St. Paul 1,160 miles.

on each side there is good farm land. On the left

(west) from Race Track there are many deep canyons
in the side of Flint Creek Mountain, through which
glaciers, long past^ have flowed down from the high

summits even to the level of the main vaUey. This indicates that

most if not all of the side ravines were cut before the glaciers were
developed, and that since their disappearance there has been little

change in the surface features.

At Deer Lodge terraces about 200 feet high are well developed on
both sides of the valley. Apparently these terraces are remnants of

Deer Lodge.

Elevation 4,530 feet.

Population 2,570.

St. Paul 1,169 miles.

the floor of the valley at a much earlier epoch, and
possibly they may correspond with those observed on
the east side of the valley near Warm Springs, North
of Deer Lodge there is a terrace on the left, but the

one on the right has disappeared and is replaced by
low hills composed of soft Cretaceous rock.'

been interpreted, consists of the record of

an almost infinite number of such oscilla-

tionSj with accompanying changes in the

outline of the land and water.

A regional subsidence in the Rocky
Mountains of Montana relative to the

plains would readily account for the for-

mation of lakes in all the valleys that were

deep enough to lie below drainage level,

and this will be accepted as at least a rea-

sonable working hypothesis. According

to this ^dew a rough mountain region,

probably as mountainous as it is to-day,

was depressed hundreds or perhaps thou-

sands of feet, until the streams failed to

flow out in their accustomed courses, as

the plains beyond were higher than the

to settle as fine clay while the sand and
gravel were dropped near shore. At least

600 feet of such material has been meas-

ured in some of the valleys, and probably
it was originally much thicker. In some
valleys the lakes were evidently fdled,

and the surface became a swamp in which
vegetation flourished and finally was con-

Such beds
have been found near Drummond and
Missoula, along the line of the Northern
Pacific Railway, and in the vicinity of

the Glacier National Park, near the Great

Northern Railway.

The climate of this region in the lake

period, as indicated by the animals and
plants that lived then, seems to have been

verted into coal or lignite.

mountain vallej^. The water from the much like that of central or southern
rains and melting snows of the mountains
soon filled the valleys until the water rose

high enough to discharge over the plains

country. Under such conditions there

may have been many lakes or there may
have been one large lake with ramifica-

tions in the valleys among the moun-
tains.

Into the lakes thus formed the moun-
tain streams poured mud, sand , and gravel,

the mud beiner carried far out in thf^ LtVa

Africa at the present time. The lake beds
have not been searched thoroughly, but it

is known that mastodons, horses, camels.

hinoceroses

basins

swamps in which flourished a luxuriant

vegetation.

^ The broad Beer Lodge Valley extends

from Durant northwestward to Drum-
mond, but its continuation beyond Garri-

son may not be apparent from the train.
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Gamson was named in lionor of William Lloyd Garrison. Here the

railway line through Butte unites with the original hne of the North-

ern Pacific tlirough Helena. The valley at Garrison

is much narrower than it is above that place, the

cliff on the west being composed of a volcanic rock

(andcsite) and that on the east of sandstone, shale,

and beds of volcanic tuff ^ of Upper Cretaceous age.

[The itinerary west of Garriaoii is continued on page 127.]

Elevation 4,344 feot.

St. Paun,lSO miles.

The present condition and possible mode
of formation of the valley are illustrated

by figure 24, which represents a section

along the raihvay fi'om Diirant on the

south to Drumniond on the north. As
first formed, this valley was a great struc-

tural depression in the hard rocks, as rep-

resented by AB. In that basin sediment

accumulated in Miocene time until the

depression was filledj as shown in the dia-

gram. The place where Garrison now
stands -was then near the middle of the

basin, and probably only soft lake sedi-

ments showed at the surface from Durant
toDrummond.

map or by a view from some conuuandiiig

summit on the valley rim.

On account of the deformation of the old

basin or trough, the immediate stream

channel below Gaixison for several miles

is a veritable canyon in the Cretaceous

rocks, but farther down it opens out into

another wide expanse deei>ly covered by

material laid down in the lake.

^ Tuff is a rock composed of fragments

of lava, as a rule more or less distinctly

bedded. These fragments may have been

blown from a volcanic vent and may have

settled down on dry land or in water.

Even if deposited on land, the material

FiGUKE 24

wmrnm/m/mMi
I Northern Pacific Railway between Durant and Dmmni'

probable mode of formation of Deer Lodge Valley.

At some later stage the floor of the

basinwas upraised midway between these

two ends (see CZ>), so that the lake beds
Were exposed to erosion. The soft, inco-

herent lake sediments were soon washed
away, and the stream trenched the under-

lying Cretaceous rocks to a depth of sev-

eral hundred feet. The upraising of the

middle part of the trough left a depression

at either end, and at the present time

Uiese structural depressions are marked
by broad valleys, such as can be seen at

Deer Lodge and at Drummond. The
presence of a broad valley connecting

these two marked depressions can be
realized only by a study of a contoured

may be so fine and loose as to be rapidly

washed into the nearest body of water,

there to accumulate as a ertratiQed rock-

Some of the finer-grained tuffs are largely

volcanic ash—that is, the dustlike mate-

rial produced when hot lava, thrown into

the air, is blown into small particles by

the explosive action of the steam that is

an original coni>tituent of all molten lava.

Coarser tuffs may include angidar blocks

of lava many feet in diameter or rounded

masses that have solidified aa they flew

through the air, an<l are known as volcanic

bombs. Some tuffs include al^o much

sedimentary material from the erosion of

freshly erupted lavas.
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LOGAN TO GARRISON BY WAY 0¥ HELENA.

A short distance west of the station at Logan (see sheet 16, p. 112)

e Helena line crosses Gallatin Kiver and then follows this stream
its junction with the other rivers that form the Missouri. At the

bridge and for a short distance beyond it the

railway skirts the foot of a bluff of Madison
limestone, but this rock dips below river
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level and beyond i

of the overlying Q
the bluff is composed
drant formation. Al-

though the Quadrant resembles lime

contains little of that rock, being g
composed of quartzite or flinty beds
much harder and erenerallv of a liorht

ally

un istone. These beds in turn dip

below water level and the rocky bluffs give

way to a low roUing comitry with swampy
land near the track.

The railway follows the flat bottom of

Gallatin River for some distance and thence
once more follows the cliffs of the Madi-
son limestone, which is brought up from
below water level by a great anticlinal

fold. On the left (west) there is' an ex-
tensive flat valley which Gallatin,

Madison, and Jefferson rivers flow on their

oin forces and form Missouri

hi

has

train

through

to

every traV'-

the combined stream

limestone and which
enter. This junction, known
has attracted the attention

eler who has entered this region since 1805,
when it was first seen by Lewis and Clark.
(See p. 100.)

North of Threeforks the river has cut a
canyon along a great arch or anticline which at
the entrance to the canyon brmgs up to view

limestone, but the fold mcreases in

above water level.

successive
shown in figure 25 this fold is not a sun

which bent the rocks was so great
pushed over to the east, or overturned,
or faulted, as shown in figure

rocks
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At Trident, in the canyon of the Missouri, there is a large plant

for the manufacture of cement from the Tlireeforks (Devonian) shale,*

which is obtained from the crushed rock in the over-
TridenL

Eleyation, 4.045 feet.

St. Paul, 1,063 miles.

turned anticline shown in the diagram. From Three-

forks to Lombard, a distance of 15 miles, the Chicago,

Milwaukee & St. Paul Railway parallels the Northern

Pacific, on the opposite side of the riyer.

Figure 26.—Faulted fold at Trident, Mont., looking northeast.
4

For 5 miles beyond Trident the railway winds in and out on the

flanks of the anticline, making a long cut in the Madison limestone at

the sharp bend of the river. From this point the river turns back

lown

readies the Belt series in Beyond this point

material of the lake beds obscm^es

mile or more

valley
and

Clarkston.

,002 feet

71 miles

parallel with it there is a mountainous ridge, formed

by the overturned northwest side of a syncline which

lies parallel with the general course of the road and
" " 25. The southeast side ofure

thi

^ The mill at Trident has a daily ca-

pacity of 1,600 to 1,800 barrels of cement

and is modern in all its equipment, hav-

ing been erected in 1910. Material most

suitable for the manufacture of Portland

cement contains approximately 75 per

cent carbonate of lime, 15 per cent silica,

and 5 to 7 per cent alumina and iron

oxides, with very little magnesia and no

sulphur. This combination Is found in

the Tlireeforks (Devonian) shale, which

is quarried exteuiuvely along the east

bluff of the river. The shale varies con-

siderably in composition, that from the

upper end of the cut being very limy and

that from iht^. Inw^r *>nd fiarthv and sandy.

Rock is taken from all parts of the cut and

then mixed until the proper proportions

of the constituents are procured for the

manufacture of cement. The raw mate-

revolving

with Eed Lodg^ (For a

description of Red Lodge coal see foot-

note on p. 82.) crushed

pass through

blown
It burns like

of the revolving cylinders,

gas, producing a temperature of about

3 000^ F. The burned cement is crushed

and mixed with a Uttle gypsum to regu-

setting time and

mar
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m
limestone

in

same direction as tlie track not much
The cut continues to milepost 183, wli<

le riprht the hard formations are covei

the formation can be seen. The cut continue

the valley opens out. On the right the hard

by clay deposited in the old lake, but on the left the Madison lime-

G makes a bluff more
high above the St. Paul road. Before reaching Lombard the river

makes a sharp

the Madison li XVIII.) The height of the walls

BHt

FlGTTRE 27.—Fold and fault in the rocks near Lombard. Mont.

of this canyon is about 300 feet, but it decreases downstream, owhig
to the fact that rocks dip in that direction.

'

At Lombard the St. Paul line crosses the Northern Pacific and tnrns

Mile

Lombard.

Elevation 3,977 feet.

Population 155.*

St. Paul 1,077 miles.

Musselshell River. Beyond Lombard the thick beds
limestone

mile

Q
The

mme
this

been abandoned.
has

niuie

the coal-bearing rocks into contact with the Belt series, wliich con-
sists of red and green shale and argilhte, verj much broken and dis-

turbed. (See fig. 27.) The Belt rocks form the surface along the
river for about 3 miles, includmg the large bend which the river
makes to the left. At milenost 1S9 the railwav prnc^QAo \\^\^ fonU. oo-nin

traded The road
Quadrant formation, the lower part of which

brilliant

train

clay. Tliis

having vertical or nearly vertical walls

many
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CLIFFS OF MADISON LIMESTONE AT LOMBARD, MONT.

Viuw Ifuhi the crags a short distance up Sixiecnmllo Crvtk. Photograph by Curtis Si Miller, Seattle, Wash.
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A, SUMMER CAMP OF THE FLATHEAD INDIANS, A FAMILIAR SCENE IN THE JOCKO VALLEY
MONT.

B. GLACIER ON THE NORTH SLOPE OF McDONALD PEAK, MONT.

Photograph by C. D. Walcott.
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the river and it is visible up tte hill slope beyond milepost 190, w
the train crosses a spring that wells up in large volume from

hmestone. The spring forms a beautiful pool, and the stream

flows from it is carried in ditches for a long distance and used to

gate the bottom land farther down the river.

milepost 191 the fault

time

the other crossings. The rocks south of the fault carry a coal bed

ainst

Lombard, and the formation

ge mass of igneous rock which on the other side

•ocks of the Belt series. The Belt rocks arc con-

o T^T^ a T-^n t1 TT V.V tho heat of the intruded mass, and

mmeralization

many prosp

been found.

form

clay of the lake beds, and at Toston the vaUey opens out on both sides

nearly as far as the eye can reach. The river has no

Toston. well-marked channel, and its surface is only a few

Elevation 3.925 feet, feet bolow the general level of the plam. This is the

Population 384.*

St. Paul 1,086 miles.
fine

the vaUey has been cut. The valley was originally

formed by some downward movement in the crust of the earth (see

p. 112) and then it was occupied by a lake, probably an extension of

the body of water that occupied GaUatin Valley in Miocene time

After the lake basin was fiUed or drained the land was raised, and

Missouri River has carved its present valley ahnost entirely m the

soft materials laid do^^Ti in the old lake. Omng to the softness of

this material it is washed into the river at every shower and so the

stream is sunnhed with more sedhnent than it can carry, ihis

channel

same

Opposite milepost 201 the hiUs on the left closely approach the

river bank and for a height of 400 feet they appear to be - -'^

entirely of clay deposited in the old lake.

com

Townsend
ultural

ance A httle beyond

Townsend. the town crosses Missouri

,833..... „.^be-ms to climb to the top of the terrace that faces

Population 759. ,, • Ujom this pouit the traveler may
St. PauiLcs nm..

J,^^ ^igj^t, a broad View Of the fertile fanns strete^^

O
Missouri and broken only
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of trees through which the stream sweeps down the valley in broad,

graceful curves.

On attaining the top of the terrace it is found to be a sloping plain

which rises gradually to the foot of the mountain on the west. The
train soon passes Bedford sidings from which the old town, established

1864^ can be seen on the right. This was one of the placer campsm
m the early days, and it is said that the heaps of gravel markin
location of the old workings are still visible.

The train chmbs steadily up the sloping surface of the sn
nlam and at Winston the traveler can see a widp, swpAn nf fliA

Winston,

valley and the Big Belt Mountains on the right.

Elevation 4,375 feet, taiu^ far in the distan<
Populatioa 127.* . -i i j ^ i

St. Paul i,m moes. ^^^ ^and and gravel oi

in gold has been taken,

of 1866 a four-mule team hauled to F

moun-
., from

more

m

down the river, 2^ tons of gold; worth $1,500,000, nearly all of which
had been taken out at Montana Bar and vicinity, near Confederate
Gulch.

rocks have been found at the surface

great

creeks

'vered by sediment deposited in

At the summit between Beaver

formations

from the train. Charles
'»

same
in Helen

Mountains
the Big Belt

Ihe raUway follows m a general way the old stage road along which
the gold seekers rushed in 1864-65 to the newly discovered Last
Chance Gulch, where the city of Helena now stands, and along this
road there may still be seen many old houses that resemble the tav-
erns found along some of the famous old stage roads of the Eastern
States.

Creek, its irrigated and well-tilled

Prickly

undulatin
"background of nigged mount
upon whicli tlie railroad is built is com
whicli are exposed in every cut. Benei
Tertiary lake beds, as sbown by a well a ^ ^„^, ^^ ^^^^ ^^^^,
wHcb passed tbrougb 1,200 feet of soft Iak7b7d^ before'^-elcMng
bedrock. ^

tbis
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Helena

when tliis district was a large producer of silver-lead ores, but recently

most of the ore smelted here has come from the Coeur

d'Alene district in Idaho. The railway on the left is

the Great Northern line that runs from Great Falls

At East Helena the

East Helena.

Elevation 3,902 feet.

Population 1,139.*

St. Paun,126 miles.
by way of Helena to Butte.

number e>

electric-power transmission lines which extend from the large power

Falls

Butte, and Anaconda, furnishing light and power not only for

municipal purposes but

at or near these towns-

Helena

terminal
Helena.

Elevation 3,955 feet.
Jj^

Population 12,515. .

St. Paul 1,131 miles. Al

engine is being shifted he may be interested in read-

a sketch of the

nh Baiopf.^

hi:

1 Lewis

County at the eastern foot of the Conti-

nental Di\ide. Its history dates from

1864, when the town sprang into existence

as the result of the finding of extraordi-

narily rich gold-bearing placers where it

now stands. At that time Vi

on Alder Gulch, 125 miles to the south,

was the great center of population in

Montana, as the discovery of gold there

in almost fabulous quantities in the pre-

vious year had dra^^^l many people into

the region. In the spring of 1864 reports

reached Alder Gulch of a great strike in

the Kootenai Valley, and among those who

had taken the trail for the new Eldorado

was a party of four prospectors under the

leadership -of John Cowan. They had

crossed the Continental Divide west of the

before the actual discovery of Ob wealth

Gold in paying quantitieswas

was found here about July 15, 1864.

The news of the pread

wi

rapidity characteristic of placer camps,
^ ^ 4 Y j4 a ^

meetin^

imisi

»wn

learned

pros

tenai was 'Splayed out." They then de-

cided to turn eastward and continue pros-

pecting, but after a season's fruitless effort

they proceeded toward Alder Gulch, de-

termined to make one more attempt to

discover gold on a small creek at which

some indications of precious metal had

been obtained on the outward journey.

That

gulch on the Prickly P
chance"; and the place

known to the party as Lasi

ajn<

for the settlement. During the following

winter 115 cabins were erected in the

gulch, and within two ye^rs the town

had a population of 7,500. In 1867 the

telegraph had been extended to Helena

from Salt Lake City-

Helena, aided by its situation 140 miles

from Fort Benton, the head of na\'igation

on the Missouri, soon becamethe chief mart

of commerce in Montana. Vb^ia City,

then the Territorial capital, had akeady

passed its zenith, but it was not until 1874

that the seat of government was perma-

nently removed to its northern rival.

Gold to the value of $16,000,000 was

taken from the gravel of Last Chance

Gulch, mostly before 1868. In the fall

of 1864 gold-bearing quartz veins had

been discovered 5 miles south of Helena

at the heads of Oro Fino and Grizzly

gulches, branches of Last Chance Gulch.

The finding of placer and lode gold were

thus nearly contemporaneous. The find-

ing of gold in ite bedrock source stimu-
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Oil leaving Helena the traveler has a good view of the setting of

the city at the mouth of Last Chance Gulch , with the prominent

lated the quest for the precious metals all I Havre-Butte branch of the Great North-
over the Territory. ern Railway, connected Helena and

Silver-bearing lead ores in the vicinity

of Wickes, Jefferson, and Clancy, 20

miles southeast of Helena, were dis-

covered simultaneously with the finding

of the gold placers. The Gregory lode,

one of the earliest finds, was located in

1864, and here, in 1867, was built the

second smelter established in Montana.
By 1870 the placers had been largely

exhausted and a period of stagnation set

mmm
without adequate and cheap transporta-

tion. The great need of the Territory at

this time was an adequate syBtem of rail-

way transportation, connecting with the

centers of civilization. Freight rates

first

drain on the resources of the Territory,

costing between $1,500,000 and $2,000,000

every year, even after the population

had shrunk to 18,000. The chief over-

land transportation route was Missouri

River, by which steamers could reach

Fort Benton during high-water stages.

Wickes, 20 miles apart. The lead smelter

at Wickes was rebuilt and enlarged, so

that it was for some years the most ex-

tensive reduction plant in Montana and
drew ores from a large area, including the

Cceur d'Alene district of Idaho. In 1889

it was shut down and dismantled. Tlie

same fate has overtaken the many small

smelters built in the region tributary to

Helena, and at present the only smelter

in operation is the Ea^t Helena plant of

the American Smelting & Refining Co.

The period from 1883 to 1893 comprises

the years during which a large output of

silver and lead was maintained. The
gold ob tained from veins during this

period came largely from the district at

the heads of Oro Fino and Grizzly gulches

and from the Marysville district, 17 miles

northwest of Helena, which began to

come into prominence in 1880. At pres-

ent mining activity is, on the whole, at

a rather low ebb throughout the region

tributary to Helena, the annual produc-
But this period of high water lasted from tion fluctuating around $1,000,000. The
four to six weeks only, and steamers were
often forced to stop at the mouth of the
Yellowstone, 450 miles distant. On the
completion of the Union Pacific Railroad
in 1869, much of the traffic was diverted
to this route, Corinne, Utah, being the
initial point for freight bound for Mon-
tana. This, however, involved a haul
by teams of 450 miles, and the tolls were
oppressive, coating $37.50 for each wagon
from Salt Lake to Helena.

In 1883 the Northern Pacific Railway
was completed to Helena, and the first

crossed

August Th
arrival of the first regular train at Helena
onJuly4, 1883, wai the occasion of a great
celebration; but the special feature of the
day was tlie departure of the first ''bul-

lion train,'' carrying 1,000,000 pounds of

silver bullion from Montana's mines.
During the later part of 1883 the

Helena & Jefferson Railroad was built.
This line, whifli is now a part of the

total yield in gold, silver, lead, and
copper a^regatea between $150,000,000

and $200,000,000.

Helena lies on the south side of a great

dome-shaped uplift, whose center is some-
where north of the Scratch Gravel Hills,

which can be seen on the right (north)

from Helena. The rocks dip away from
the center of this uplift, but there are

many minor folds or wrinkles on the

flanks of the dome that in places even
produce dips in the opposite direction.

About Helena the general dip is toward
the south, whereas at Mullan Pass it ia

toward the southwest. The rocks about

Helena are broken by a number of faults*,

which in general ray out like the spokes

of a wheel from the center of the uplift.

The rocks here arc much like those ex-

posed about Threeforks, but they have
been intruded in many places by masses

of igneous rock that have come up from
below, and they have been altered by
the heat and pressure thus developed.
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Mount Helena h miles

Havre
Mountain branch of llie Northern

to the south to a mining district up the valley of Tenmile Cr<

Beyond milepost 3 Fort Hamson, the largest military post in

State, is seen on the left (south).

Just west of Helena begins the long grade to the summit of Mu]

Pass. The ascent, 1,618 feet, is accomplished in about 20 miles.

From
Marysville/ one of the most productive mining

Birdseye.

"Elevation, 4,231 feet.

St. Paul 1,139 miles.

m
Continental Divide, about 17 miles northwest of

Helena
rocks

st flank of the great dome whose center

Hdls. The regular southwestward dip

^nter of this dome is interrupted by a

small sjmcline (a downward fold of the rocks) which lies west of the

summit and also by many intrusions of igneous rock, some of which

are of great extent, whereas others are small and have had little effect

upon the general structure. As the rocks on the east side of the

summit dip toward the range, the westboimd traveler passes over

the several formations in ascendmg order.

The rocks are poorly exposed about Bh-dseye and Clough Junction,

and the traveler ^^all have difficulty in identifj'hig the Belt series and

the Cambrian and Devonian formations. Near milepost 11 the

* The prosperity of the MaryBidlle min-

ing camp has hinged largely on the for-

tunes of the Druxnlummon mine, the

oldest, most steadily operated, and most

productive property of the district. The

Drundummon lode was discovered in

1876 by Thomas Cruse, who had been

working some placers along Silver Creek

below the present site of Marysville, and

the mine was gradually developed by

him until 1880, when a 5-stainp mill was

erected. In 1882 the property was sold

to an English company known as the

Montana ifining Co. (Lid.) for $1,500,000.

Durii^ tlie operations of this company

115,000,000 worQi of gold and silver was

extracted. In the early nineties the

property became involved in protracted

litigation, and in recent years the mine

haa been worked only intermittently. In

1911 the property wa.s sold to the St.

Louis Mining & Milling Co,, which com-

menced to rehabilitate the milling plant,

to operate the old workings, then badly

caved, and to search for new ore bodies.

Other notable mines in the district

are the Belmont, Cruse, Penobscot, Bald

Butte, Empire, and Piegan-Gloster. The

district ha.s produced about 130,000,000.

The presence of ore at Marys^-ille is

due to a small mass of granite that haa

been forced up from below through the

limestone and shale of the Belt serie?.

Some of the ore was probably deposited

soon after the intrusion, but the richest

veins are supposed to have been formed

at a later date. The sedimentary rocks

around the granite have been so thor-

oughly baked that they are changed into

hard flinty rocks known as hornstone.

Tlie ore occurs along the contact of the

granite and the hornstone.
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massive lielit-colored Madison
to

hiU w.
mass of granite (quartz monzonite)

which is very extensive; heing the same as that which constitutes

mmit over which
ern Pacific passes east of Butte. It is noteworthy on account of the

in Some
than others and less subject to the action of the weather, and these

lacles. The projecting crags areup as towers and pmnacles,

numerous and fantastic in the vicin

av en^rineers, in order to obtain a

sunnnit, found it necessary to make large loops, and the open country
about Austm gave them the opportunity they de-

Austin,
g^^^^ j^g^ ^^g^ ^£ ^-^^ station two stretches of track,

STani vY4 m^^^^
*^^^ ^^^^^ ^^^ ^^her, are visible on the right. The
steepness of the grade may be appreciated by listening

lim

ne or by looking back after making the

The track here runs along the contact of
and the granite, and such localities are generally

turn above Austin

favorable for the deposition of ores. Many
sunk in search of the precious metals, but apparently without su
Above the great loops near Austin the track winds in and out, r
ravines and around the spurs, steadily climbing on the Madison

until it arrives at the east end of the Mullan tunnel Originally

mmit, but on the com
tunnel the high line was abandoned. The upgr continues

Blossburg.

Elevation 5,573 feet.

St. Paul 1,151 miles.

through the tunnel, which is ^^

reaches the highest pohit at Blossburg, at the far
end. The tunnel constructed in the
granite, although the Hmestone extends to the eastern

short distance west of the other portal.

Cretaceous appear only

The traveler has now crossed the backbone of the contment, and
own the Pacific slope and looks back at the suromit he

3rised at the smoothness
features which most D(

with Mullan Pass ^

minds
and the Continental

' The first authentic account of a trip
through Mullan Pa^ is that contained in
the report of the Government engineers
who, in 1853, conducted eystematic ex-
plorations in order to find the best route
for a Pacific railroad. This expedition,
under the command of Gov. Isaac I.
Stevens, of Washington Territory, estah-
Ifahed field headquarters at the old mis-

sion of St. Mary (now Stevensville), in

the Bitterroot Valley south of Missoula.

From this camp engineers explored the

mountains

construction.

feasibility

The two men connected with this work
who are beat known to the public were
Capt. George B. McClellan, who had
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summit
(Cretaceous) which is not hard enough to form

knohs. This shale is the youngest

in this vicinity middle of the great synclin

viously referred to and constitutes the core of the fold. W-
m

determin

intrusive masses that it is very difficult

The most nrominent rock on this side

Madison limestone which

26 and 27. and burned in

West of Calcium the rocks are badly broken

is almost impossible to identify the various f

moving train, but near milepost 28 there is a

quartzite (Quadrant) on the right (north) whid

valuable bed of rock phosphate- Analysis shows

from 40 to 60 per cent of phosphate of lime. Thi?

as a fertilizer, and the United States Geological Survey has been

actively engaged in the last few years in mapping deposits of such

material

rock. W
4

charge of surveys on the Pacific coast and

who afterward came into prominence in

the Civil War, and Lieut. John Mullan,

who was in charge of an exploring party

in the Rocky Mountains and who later

.„^ throu^

building of a military road from Fort

Benton to Walla Walla. (See p. 131.)

Late in the summer of 1S53 Lieut.

Mullan made a scouting expedition to

Fort Benton and from that place to

Musselshell River by way of the Judith

Basin. He tried to induce some Indians

to guide him through a low pass that had

been reported west of the place where

Helena now stands, but the Indians were

on a hunting trip for their winter supply

of meat and could not be induced to join

him. Failing in this, he ascended the

Musselshell and crossed the Big Belt

Mountains to the site of Helena. He
crossed the summit west of this place on

September 24, 1853, %v^th little difficulty,

through what is now known as Midlan

Pa^s. Twenty years later the same route

was followed by the locating engineers of

the Northern Pacific and the original line

was built across the summit at this place.

^The bed of phosphate rock just east of

Eiliston is over 5 feet thick and carries

61.6 per cent of tricalcic phosphate. De-

,mi

8 miles of Eiliston, on the north of the

railway, there is available within easy

mining depth approximately 86,000,000

ton5 of rock phosphate, or an equi-v^lent

am
thick. The phosphate is in a definite

layer and is interbedded with other rocks,

as coal is. At Eiliston the phosphate bed

is nearer the railway than elsewhere in

western Montana. Phosphate is found in

the same formation in the hills 5 mil

north of Garrison; near Philipsburg, a

town at the end of the branch south of

Drummond; at Lime Spur; and at Mel-

rose, 30 miles south of Butte.

WTien rock phosphate was discovered in

the Rocky Mountains a number of years

ago, the United States Geological Survey

imdertook the determination of the geo-

graphic extent and quantity of available

material. It has been found that rock

phosphate occurs in the mountains of

Montana, Idaho, Wyoming, and Utah,

in quantities so stupendous that when
^^^^T-ouGori in ti)n3 the amount is almost

The estimated total in

lined in the yeara 1909-

mately 7,777,000,000 long

inconceivable.



126 GUIDEBOOK OF THE WESTERN UNITED STATES

Kootenai (Lower Cretac

visible

EUiston.

Elevation 5,nfil feet.

St. Faull,lGO miles.

town

7

the valley. A short distance

large area of dark-red lava (rhyolite) which extends
as far as mUepo From

lake»

some distance the ViiUey is much
nd at some sta^e of thp T^rtiarv

sediment deposited in this

as

Avon.

Elevation 4,702 feet.

St. Paul 1,169 miles.

where a sharp ridge of rhyolite east of the town
extends from the right and just crosses the railway
track. Blackfoot

first

dstoiie

continue a short distance beyond inilep

(Algonk These

from the Cretaceous rocks to the west by a smaU mass of igneous
rock (andesite) that has been intruded along the fault.
The lowest formation of the Cretaceous and the first to be seen in

traveling westward is the Kootenai,
This fonnation, characterized by bands
few hundred feet thick and is overlain

the left.

from this place to Garriso

3 rocks

H
formation is undoubtedly the same as the Colorado shale far-

ther east, but its composition is different. eastern
IS mos
stone.

sandstone and shale with sandstone predomi
tons, or^triple the quantity of anthracite
mined in Pennsylvania in the last cen-
tury. When all the known deposits in
these four States have been examined in
detail, the estimated available tnnTiao-^

will considerably exceed these J

The most noteworthy characteristic
western rock phosphate ig its ooUtic tex-
ture.

certain

meaning

whose texture suggests the roe of a fish.)
The mck is composed of rounded gi-ains
ranging in size from the tiniest specks to
bodies half an inch or more in diameter.
The freslily mined rock usually has a
dark-brown or black color, but the weath-
ered material found along the outcrop is
a light or dark gray with a whitish to
bluish coating that has a tendency to
concentrate in a netUke pattern. Rock
phosphate is appreciably heavier than
ordinary limestone, and some varieties

give off a fetid odor when struck with a

hammer.

On account of the high cc^t of trans-
portation the present market of the west-
em phosphates is confined to the Pacific
coast States. In 1914 the western phos-
phate field furnished 5,030 tons, valued
at ?15,488, or an average price of $3.08 a
ton. This is about one-fifth of 1 per cent
of the total phosphate production of the
United States, which in 1914 amounted to

2,734,043 long tons, valued at f9,608,(Ml.
Phosphate rock is converted into more

Bolu])le phosphates for use in the manu-
facture ^of fertilizers by treatment with
sulphuric acid. As this acid can be made

ordinar
to waste, the proximity of phosphate de-
posits^ to the great smelting centers of the
West is likely to prove beneficial not only
to the minei-s of phosphate but also to the
smelter men and the farmers.
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The Cretaceous beds dip gently in various directions, but in general

they lie nearly flat and constitute the bottom of a great sag or syn-

cline 15 to 20 miles wide. Although this synclino is flat and broad,

it has been subjected to much minor folding or wrinkling, which
locally has tilted the beds or even broken them, where the pressure

has been more severe.

The Cretaceous rocks are much softer than the older rocks, and

Garrison.

Elevation 4,344 feet

weathering has reduced thom to low hills and

rounded slopes that are a marked feature of the

St Paul U82 ^^^^^ topography in the vicinity of Garrison. At this vil-

lage the old main line is joined by the more recent

line through Butte.

LIT^^E WEST OF GARKISON.

The famous Deer Lodge Valley, which is so conspicuous on the Butte

line, continues west of Garrison as far as Drummond, but for some

distance it is not apparent from the train. When viewed from some

commanding eminence the valley is distinctly outlined, but when

seen from the river level the imme<liate bluffs conceal and obscure the

background, so that the traveler will probably fail to recognize the

more
its present channel. underl

ceous rocks similar to those which border it on both lines above their

junction at Garrison. As explained on page 115, the bottom of the

valley bulged up north of the place where Garrison is now located.

Qark Fork had already estabhshed a meandering course on the sedi-

ments, filling the old lake basin, and when the bulge occurred the

sun
former sinuosities. The

.wmgs
necessary

Paul

mi
was

driven the last spike that established the connection between the

eastern and the western ends of the Northern Pacific Railway. The

manner

William
of the Interior, and Gen. Ulj^sses S. Grant, were present. The corn-

Union Pacific Railroad, in 1869, had been

similar ceremonies at Promontory

gathering in Montana mai
transcontinental line. Sm

preat

ee

without creating any marked

but these two roads were the pioneers and the completion of each

Was an event of nation-wide importance.
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The rocks north of Garrison are mostly of Cretaceous age and cor-

respond to the Colorado shale^ which is exposed in the bluff south of

Billings

,

At Billings the formation consists of dark shale containing

many marine fossils^ but about Garrison it is composed largely of

sandstone, conglomerate, and tuff, and no marine fossils hare boon

found in it. The kind of material composing the formation and the

character of the fossils indicate shore conditions and fresh or brackish

water, instead of the salt water that prevailed farther east. North of

Garrison the Cretaceous rocks are cut by igneous rocks that hare

been forced up through them in great masses and in narrow dikes.

The most prominent igneous mass that can be seen from the train is

one that crosses the track at milepost 56, This rock has been quar-

ried for material with which to riprap the slopes of the roadbed

where it is washed by the stream. At milepost 57 there is a high,

rocky wall on the left composed of sandstone in which there is the

standing stump of a tree. It is now silicified but remains as a mute

record of a time, long ago, when this country, now so barren of tim-

ber^ was covered with trees several feet in diameter. About halfway

between mileposts 57 and 58 is the mouth of Gold Creek, the creek

upon which gold was first discovered in Montana.^ The placers

are at Pioneer, 5 miles up the creek, and it is reported that at least

f12,000,000 has been taken from them. They are still producing in a

Cretaceous rocks form the surface here, but they aresmall waj
generally soft and give rise to low hills and gently rounded slopes.

At the station of Gold Creek the vaDey floor merges mto the

rolling upland that stretches far northeastward to the foot of the

Garnet Range, which is composed of Paleozoic lime-

stones and quartzites. At milepost 61 the valley

widens, and 2 miles farther west the harder rocks

disappear and the valley floor and the slopes arc

composed solely of the lake beds, which mantle all the

older formations. The lake beds continue to milepost 68, where the

Cretaceous rock is asrain visible on the north.

Gold Creok.

Elevation 4,201 feet.

Topulation 730 *

St. Paul 1,1S7 miles.

^ It is reported that gold was first discov-

ered in Montana in 1852 by a half-breed

named Frangoiis, but better known to his

associates On hia return

from the gold fields of California Benetsee
began prospecting on what is now known
aa Gold Creek, in Powell County. He
found some gold, but did not obtain

enough to pay for operationa.

The finding of gold at thia locality soon
became known among the few mountain-
eers in the country, and in 1856 a party on
their way from the Bitterroot Valley,

where they had spent the winter trading

with the Indiana, visited Gold Creek and

found more gold than Benetsee had been

able to obtain, but not enough to induce

them to remain.

Desultory prospecting was done in the

years follov^dng the visit of this party, but

without any definite result until 1862,

when rich pay gravel was discovered.

Soon after ihis the extraordinarily rich

placera of Alder Gulch, at Virginia City

(1863), and La^t Chance Gulch, at Helena

(1864), were discovered, and these so far

overshadowed the deposit on Gold Creek

that it was almost forgotten.
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Drummond lies at the intersection of two very broad; flat valleys,

Drummond ^^^^ along the main line of the Northern Pacific and

, „ the other leading off to the southwest alonj; a branch
Elevation 3,967 feet. . ^ . . .- . • x if t>iT 1.
Population 383.* luic ruiuimg to the mmmg district of rhilipsburg.
St. Paun ,200 miles, ^h^sc valleys are filled with lake sediments, wliirh

show that a great lake existed here in Tertiary time.

In the region above Drummond the rocks form a great flat syncline,

with the Cretaceous occupying a wide area in the middle. In thi

central region the rocks were only slightly disturbed, but near Drum-
mond^ on the margin of the basin, the rocks are thro^^-n into groat folds

which carry the limestone and quartzite beds of the Carboniferous and

Devonian high into the mountain tops. lu fact the Garnet Range

consists of a seriesof such folds, trending in a northwesterly direction,

which become more and more complicated toward the northwest.

Clark Fork cuts into the foothilb of the range west of Drummond,
and the great folds can be seen and studied from the moving train.

From Drummond the railway follows closel^^ the axial line of a large

syncline for a distance of about 7 miles. The youngest rocks exposed

NORTH
SOUTH

nearFigure 28.—Diagram of fold lA'est of Drummond, Mont. Clark Fork flows

great basin, and the Madison limestone is folded back upon itself in the hill on the south.

in this trough are the bright-red and maroon shale and sandstone of

the Kootenai. The rim of the syncline is formed of the Madison lime-

stone, which 3 miles west of Drummond forms conspicuous cliffs on

the south and can be seen on the north in the tops of the high wooded

miles distant from
mm

the Deer Lodge Valley, but at that point the walls close in, especiaUy

Canyon.

and thence down to Missoula it is kno

\ name origmated m the vicinity -

the whole of the canyon,

near milepost 74, the Madison Inn

hiU

for the stream and valley at its foot. This cliff can best be seen from

a point near mUepost 75 late in the afternoon, when the slantmg rays

of the sun brmg out every detail of i\^^ towere and pinnacles of the

rugged cliff. The limestone appears to lie horizontal, just as it was

laid do%vn on the bed of the ocean, but when studied carefully it is

found to be turned completely over, as shown m figure 28. The over-

95558"—Bun. 611—15 9
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turning of the side of the s^^ncline was probably produced by a strong

thrust from the southwest which not only caused the rocks to fold in

the form of a trough, but continued and pushed the rocks composmg

the side of the fold far toward the middle of the basin.

Below the cliff of limestone the stream is very tortuous, winding

from side to side of the synclinal basin in which it is flowing. The

railway originally followed all the crooks and bends of the stream,

but now it pursues nearly a straight course, cutting through the

points and bridging the stream, or diverting its course where diversion

could be accomphshed readily. The deep cuts across the projecting

points in the bends of the stream afford an excellent opportunity

to see the dark-red shale of the Kootenai formation, which is exposed

in the middle of the trough.

At milepost 79 the river, accompanied by the railway, turns to the

southwest and cuts across the rim of the syncUne, which is made up

of hard, massive limestones and quartzites (Carboniferous), As

these rocks always make rugged and picturesque canyon walls, it

is well for the traveler who wishes to obtain a good view to be ready,

as it takes only a minute or two to pass tlirough the interesting part

of the gorge. Just below milepost 79 the railway crosses the Quad-

rant quartzite, which makes little showing on the hiU slopes. This

is soon passed, and then the massive layers of the Madison come
into view. As the course of the road changes more toward the north-

west, the limestone beds can be seen rising in great chffs on the left,

but beyond another bend to the west they appear in all their rug-

gedness in the waU on the right. The limestone, stained red or

rather splotched with red, rises on both sides to a height of 500 or

600 feet; and the rock is carved into the most fantastic shapes, such

as pillars, needles, towers, and minarets—in fact almost everv form
the imagmation can* conceive. The combination of rugged forms
and striking colors gives to this canyon a character of its own that

would be hard to duplicate in any other region. The limestone on
the southwest rests against a mass of lava (andesite), which covers

much of the country southwest of the river and is exposed in its

bluffs in the vicinity of the next station, Bearmouth.
Opposite Bearmouth a small stream, Bear Gulch, entera the river

from the right. Here gold-bearing gravel was discovered in October^

1865, by a party under the leadership of Jack Key-
Bearmouth. nolds. In the two years foUowmg its discovery
Elevation 3,813 feet. It produced $1,000,000, and later the yield was

St. Paul 1,210 miles, ^creased to many times that amount. The placers

are no longer worked, but it is said that gold-bearing
c^uartz veins have been found which may some day bring new activity
to this rosrion.
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West of Bearmoutli the lava forms the walls of the canyon for a

distance of 2 miles to the mouth of Harvey Creek, a small stream

entering the river from the south. Opposite and a little below the

mouth of this creek there is a syncline extenduig to the north^vest.

The rocks in the middle of this basin are the red shak^ and sandstone

of the Kootenai, rimmed about by lower and older formations, the

lowermost of which are the limestones and quartzites of the Carbon-

iferous.

About Blakeley siding and for several miles west of it the rocks

on both sides of the canyon are red shale or argilUte and red sandstone

belonging to the Spokane shale (Algonkian). This is the first appear-

ance in the westward journey down Clark Fork of tliis red argillite,

which makes most of the walls of- Hell Gate Canyon from Bhikcley

siding to Missoula.

Blakeley siding is well within HeU Gate Canyon, the principal

highway by which the white man in the early days and the Indian

before him crossed this mountainous region. The first permanent

wagon road in this part of the country was built in this canyon in

1859-1862, and is knowTi from its builder as the MuUan road. Its

construction is intimately associated with ^he early development of

the country, and a more extended account is given below.*

^ Hell Gate Canyon is one of the great

natural tliorouglifares of the continent.

Through this canyon the Flatheads and

other tribes of the West journeyed to the

plains annually to hunt the buffalo, and

through its grinding trails crept the

stealthy Blackfeet on their numerous

forays against their more peaceful neigh-

bors on the west.

In 1853, when the Government engi-

neers were exploring the various passes of

the Rocky Mountains to find the most

feasible route for a Pacific raih-oad, they

also planned for a military' road which

should connect Fort Benton, then the

head of navigation on the ilissouri and

the most prominent post on the east side

of the mountains, with Fort Walla Walla,

which was of equal prominence on the

Pacific slope. Lieut. John Mullan was

the most ardent advocate of a military

road, but he was ably seconded by Gov.

Stevensj the leader of the expedition.

The location of such a road east of the

Bitterroot Valley (Missoula) was easily

determined, but the country west of that

valley afforded the greatest obstacles,

80 in 1854 Mullan explored three possible

routes across the Coeur d'Alene Mountains

irmi

These were (1) Clark Fork, Lake Pend

Oreille, and Spokane (the town of Spokane

not then in existence); (2) the St.

Regis and Coeur d'Alene A^alleys; and (3)

the Lolo trail.

Lewis and Clark had aheady passed

over the Lolo trail and had given so

graphic a picture of its difficulties that it

was not very seriously considered by

Mullan, who devoted most of his energies

to the other two routes. The route first

mentioned, along which the Jforthern

Pacific Railway was subsequently built,

was partly explored by Mullan in 1854,

but unfortunately the attempt wag made

in May, when the snow in the mountains

was melting rapidly, and he had great

difficulty in crossing the streams. He
persisted, however, on his course down

Clark Fork until he reached Lake Pend

Oreille (pronounced locally pon-do-ray),

but here he found it practically impassa-

ble on account of high water, so he reluc-

tantlygave up this route as impracticable.

Mullan then explored the St. Regis and

Cceur d'Alene valleys and decided that
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Beyond Blakeley siding tlie canyon walls are composed of the
Spokane shale (iUgonkian), and its dark-red color is visible at many
places. It is well exposed in a cut by the side of the road, at mile-

post 87, in a projecting point known as Medicine Tree Hill.

Some Paleozoic limestone and quartzite are to be observed on the
right (north) at intervals for the next 5 or 6 miles, and then the walls

of the canyon are made up almost entirely of the red Spokane shale.

The Algonkian rocks are supposed to be the oldest sedimentary^ rocks
exposed in the Rocky Mountain region. Very few fossils occur in

these afforded the best route. In select- I vented, and he passed another year with-
ing the Coeur d 'Alene "route he was out accomplishing any work on his
influenced

summit
rugged nor difficult of access, but he
failed to realize the severity of the winters

on this exposed mountain pass. That in

later years he regretted this choice is

shown by the following statement: **I

have always exceedingly regretted that
it was my fortune to examine this route

[Clark Fork] at so unfavorable a period,

for I have been convinced b^ later data

favorite project.

In March, 1859, Congress appropriated

$100,000 for the construction of the road,

and work was begun by Mullan at Walla
Walla on June 28 of the same year. The
road extended northeastward from Walla
Walla to the Coeur d'AIene Valley. The
first year the road was cleared, so as to be
passable by wagon, from Walla Walla to

the headwaters of the St. Regis. The
next spring Mullan began work where it

that it possessed an importance, both as was stopped the previous autumn and
regards climate and railroad facilities, ' pushed the constmction up Clark Fork to
enjoyed by no other line in the Rocky

j

Missoula and then up Ilell Gate Canyon
Mountains between latitudes 43^ and as far as Garrison. From this point it

49°.'=^ The building of the Northern followed Little BLackfoot River along the

original line of the Northern Pacific to

Mullan Pass, down on the east side to the

vicinity of Helena, and thence north to

Fort Benton, By the end of the season

the party reached the eastern terminus,

but it is needless to say that this great

stretch of road was little more than a trail,

and much work was needed before it was
really passable.

Pacific Railway down Clark Fork seemed
to justify his conclusion, but it must be
remembered that at a later date this same
company built a branch road over almost
the exact route selected by MuHan up
St. Regis River, and that only a few years

Railway
Milwaukee

along
same

ing

of Lieut. Mullan, or even since the build-
ing of the Northern Pacific main line, has
changed, and that now directness of line
may be the controlling condition, and the
crossing of mountain ranges a mere
incident.

Although explorations for a militarj^

road were made and a route selected in
1854, actual construction was delayed
several years, Mullan was on the ground
ready to b^in work in that year, under
general orders from the War Department,
but trouble with the Indians throughout
eastern Or^on and Washington pre-

The summers of 1861 and 1862
spent by Mullan in going back over the
line building bridges, making cuts where
the canyons were narrow, and relocating

the road about Coeur d'Alene Lake, where
the ground proved to be soft and marshy.
The road thus built had a length of 624

miles through the roughest part of the

Rocky Mountains and cost $230,000. It

was never used to any extent for mili-

tarj" purposes and soon fell into decay,

'

except where it was kept up by the local

years later itauthorities. About 20

supplanted

Railway.
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them, but tliose that have been found are fresh-water forms, indicat-

lakes.

forming the rocks

sandstone

was
that the waves piled up the sand in ripples or ridges. They also show
cracks, indicatmg that at times the water receded, allowing the

material composing the bottom of the lake to dry and crack irregu-

larly, as mud deposited along a stream to-day will crack when it

dries* Another indication of shallow water, or of no water at all,

is the preservation of the prints of raindrops, which, after the millioi

of years that have elapsed since these rocks were mud on the shore

of some lake, indicate the direction from which the storm came that

drove along the coast. This may not be of great importance, but it

nature

time

The Spokane shale is well exposed in the portals of the tunnel

between mileposts 94 and 95 and can be seen to good advantage from

the observation car. From Bonita to Missoula the
^"*^* walls of the canyon are steep and high but not particu-
Eievation 3,594 feet, i^^piy pugrgcd. Thcv are composcd almost entirely of
St. Paul 1,224 miles. ^-, o i v i u- "U ^ 1. 1. *

the Spokane shale, wmcn supports a much heavier

'owth of pine trees than the other formations. This is particularl}'

noticeable on the south side of the canyon, or on the northward facing

walls. The difference in the vegetation on the two sides is due to the

difference in the amount of moisture conserved. The northward

sun

m
opposite

Below Clmton the character of the canyon is much the same as it

is above that place. The hills range from 1,500 to

CUnton* 2,000 feet in height above the stream, and the

Elevation 3,100 feet.

St. Paul 1,231 miles.

strewn with

red shale of the Spokane.

Bonner (see sheet 19, p. 144), at the mouth of Blaekfoot River, is

noted for its lumbering industry, bemg the location

Bonner. ^f ^^^^ i^rge sawmills. The river has been dammed
Elevation 3,321 feet, bclow tlic mouth of the Blackfoot, affording about
St. Paul 1,242 miles.

^^^^^ ],orsepower, which is converted mto electricity

and transmitted to Missoula and the towns of the Bitterroot

Valley.

At Bonner the traveler again cumes upon the route of Lewis and

Clark, for on his return trip Lewis ascended Hell Gate Canyon as far

as this Doint and then turned to the north up Blackfoot River. Slx
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miles west of Boimor; Hell Gate Canyon terminates abruptly/ and a
short distance beyond this termmation is situated the jflourishing to\vn

of Missoula.

From the station at Missoula a good view may be obtained of the

steep side of the valley, which rises like a mountain on the east. The
knob north of Hell Gate Canyon is Jumbo Mountain,

Missoula. nnrf iTiA Ipt-o-ot

mountains

ana tne larger mass south oi the
Elevation 3,223 feet. Mountain. The slopes of these

st^Paun,^48 'miles.
^^^^"^ ^^^^^ ^^^ brush, and on looking closely it will be
seen that they are marked by many horizontal lines

ecome very prominent

slight fall of snow. These
lines have attracted gen-

eral attention, and many
theories regarding their

origm have been sug-

gested. Some have si ^

posed that they are stock

trails, but it is now gener-

ally agreed that they are

undoubtedlv beach lines

cutby abodyofwater that

occupied the broad valley

in which Missoula is situ-
FiGUKE 29.—Horizontal beach lines on Mount Jumbo, as seen atcd and alsO maUV otlier

from railway station at Missoula, Mont. n • , , . * -.

valleys m this part of the
mountams. According to the marldngs on the valley walls, the water
must have been nearly 1,000 feet deep where Missoula now stands.^

^
Missoula, one of the most important towns of western Montana, is

situated on a broad plain at the lower end of Bitterroot Valley, wliich
extends southward for a distance of at least 75 miles. It is the junc-
tion of a branch line of the railway which runs up the Bitterroot Valley

StevensviUe, Hamilto isoula

town

Missoula

egul
eiign^ests? a fault—that is, the mountain has
risen with relation to the valley or the
valley has dropped with relation to the
mountain. Farther south, as Waldemar
Liudgren has sho-wn, the Bitterroot Val-
ley is bounded ou the west by a great
fault along which the rocks of the moun^
tain have been raised or those on the east
depressed, forming the long, straight
Bitterroot Yalley. The effect of the
movement on these two fault planes, if

they are continuous along both sides of

the valley, is the depression of the block
of strata between them forming the floor

.

of the Bitterroot Valley, as illustrated in

figure 23 (p. 112), As the hard rocks

under the valley are poorly or not at all

exposed, the evidence of the fault at

Missoula is to be found only in the topog-
raphy.

^ The horizontal beach lines that are so

well shown along the railway at Missoula,

in the Jocko Valley, and at Plains, belo^
Trout Cref^lc. in tTi^ voHf^xr i^i r.^^rV Fnrfc.
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MAP OF WESTERN MONTANA. SHOWING DISTRIBUTION OF KNOWN TERTIARY LAKE BEOS

THESE INDICATE THE FORMER PRESENCE OF MANY SMALL LAKES OR A FEW LARGE LAKES WITH NUMEROUS
BRANCHES EXTENDING INTO THE MOUNTAIN VALLEYS

=.^-=^-i/«.D ^»D Pfli^TCD firTME L. oU>«VLt
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side of the river, is Fort Missoula^ one of the principal military posts

m the mountain

and also off the railway in the Bitterroot

Valley and across the di\ide north of

Ravalli 'were undoubtedly formed by a

continuous body of water that at some
recent geologic date occupied these val-

valley from Bonners Ferry, on the Koo-

tenai, by Sandpoint to the \icinity of

Spokane. The intermediate valleys in

the Cabinet Range have not been exam-

ined in sufficient detail to say whether or

leys. On account of the excellent devel- not they were also filled with ice, but it

opment of the beaches of this lake at Mis-

soula, it has been named Lake Missoula.

(See map on sheet 19, p. 144.)

Lake Missoula must have occupied the

valley at a very recent date, for the faint

shore lines would have been entirely

obliterated if the lake had been here long

ago, and little or nothing would have

remained to tell of its existence. H.o\.v-

ever, although it was geologically recent,

it existed many, many years ago, probably

long before the Indiansbegan to roam over

these hills and mountains.

Lakes are transient features and are due

to some interference with the normal

development of the drainage system of the

region, T^Tiat then occurred in this

region to change the drainage and to cause

the ponding of the streams at Missoula to a

depth of 1,000 feet? The altitude of the

highest beach line that has been observed

is about 4,200 feet at Stevensville, in the

Bitterroot Valley south of Missoula, and

as the altitude of Missoula

feet, the depth of the water must have

been about 1,000 feet.

T\Tien the beaches arc traced north-

ward and westward, they are found to

terminate just in front of the southern-

most extent of the great glacier that came

down from the north. As the beaches

thus show a definite relation to the ice

front and as they seem to correspond in

time with the glacial epoch, it seems alto-

gether probable, if not certain, that Lake

Missoula was due to the damming of Clark

Fork by the ice. The great glaciers that

swept down fropa Canada at this time are

known to have occupied all the mountain

valleys to the north, filling them to depths

which range from a few hundred to per-

haps thousands of feet. One lobe of this

mass

Northern Pacific Rail

another down the b]

seems probable that at least some of them

afforded avenues for the southward flow

of small tongues of ice nearly or quite to

Clark Fork.

All the e"vidence points to the conclu-

sion that the main valley of Clark Fork in

the vicinity of Fend Oreille Lake was

effectively blockaded by the ice, and that

the low vallevs to the north were diut off
r

as avenues of escape for the waters of the

upper valleys. Such a dam would nec-

essarily be inconstant, allowing the depth

of water to fluctuate considerably, and

consequently many shore lines would be

cut on the rocks; but none of them would

be strongly marked, as the water was not

held long enough at any one level te per-

mit deep cutting. The shifting of the

positions of the several ice lobes would

also tend to produce a difference in level of

the outlet and a corresponding change in

surface As the

aned

grew thinner and thinner and the lake

shrank in a corresponding manner, until

at last the present outlet was opened and

the water disappeared.

Although the general history of Lake

Missoula is about as sketched, a number of

facts now known indicate thatmany modi-

fications may be necessar}^ when the final

history of the lake is written. The most

difficult to harmonize with the theory

given above is the difference in the height

of the beach lines in the several valleys.

Thus at Stevensville, in the Bitterroot

Valley, they extend up the valley wall to

an altitude of 4,200 feet; north of DLxon

beach lines are well developed up to 3,950

feet; at Plains they can be traced up to an

altitude of 3,100 feet, but above that level

the hills break away and it seems certain

that the uppermost terraces are not repre-

sented; near Trout Creek they apparently

cease at 3,500 feet: and on St. Regis River
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The first permanent settlement s made in 1841,

Mission of St. Mary
\\^iorc Stevensville is now located. H ^

Salish or Flathead Indians, who then occupied the valley but who later
were transferred farther north to a reservation which is crossed by the
Northern Pacific in the vicinity of the towns of Ravalli and Dixon.

'

Father De Smet was joined in 1843 by Father Anthony Ravalli, who
labored faithfully with the Indians throughout a long and busy hfe.

settlement

towns
namm

Blackfeet

Missoula that the name
Hell Gate was first applied. The
plains east of the mountains, were noted fighters; and many were the
forays they made through this canyon on the more peaceful Flatheads
on the west. The French traders and trappers, on account of the
devastation wrought by the marauding parties that emerged from the
mouth of the canyon, call(M:l it Porte d'Enfer, which may be translated
Hell

Missoula in the early days and its distance from

om
of the elections; thus it is reported that the settlers in the Bitterroot

know the result
ember

how Buchanan had been elected was brought into the valley.

no beach lines have been found, but ex-
tenaive terraces that probably record the
height of the water and should be corre-
lated with the uppermost beach lines in
other valleys are well developed at
Haugan and SaUe^^, at an altitude of
3,450 feet. It is true that some of these
altitudes have not beeu accurately deter-
mined, but there seems to be a gradual
decrease in the altitude of the terraces
toward the northwest that indicates a
depression of the earth^s crust in that
direction since the beaches were formed

that

Missoula

rise

east. Such a movement is also indicated
by the recent canyon cut by Clark Fork

Misso

Regis River.

Glacial Lake Missoula had so transiei
an existenca that very little of the sed
meat deposited in it3 waters can nnw li

the sand and clay noted as Tertiarj^ lake
beds were laid down in Lake Missoula.

' Oregon, which was organized as a
Territory by act of Congress in August,

uded what is now the county of

Mont. By an act of Congress
approved March 2, 1853, the Territory of

Oregon was divided, and the country in-

cluding Missoula County became a part
of the Territory of Washington. In De-
cember, I860, Spokane County, which
had included this region, was divided,
and Missoula County was organized, with
the county seat at the store of Worden &
Co. Missoula County remained in Wash-
ington Territory until Idaho was organ-
ized, on March 3, 18C3, when it became
a part of Idaho Territory. On the organ-
ization of Montana, in 1864, Missoula
County became a part of that Territory.
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As the train loaves ^lissoiila, the traveler can obtain on the left

(south) a good view of Lolo Peak^ a high summit of the Bitterroot

which

'Tintry. He
much

low liills on the south side of the rirer.

with

the right composed of Tertiary lake beds in wliich, near milepost 121,

^ mined in a small way. The faint beach Imcs

Missoula

Jumbo 1 side of

miles

Smet. 7 miles

turning to the left (west) and following Clark Fork to Paradise, with

a branch across the mountains to the Coeur d'xUeno

DeSmet. mining district, and the other, the old main line,

Elevation 3,237 feet. tuHiing sharply to the right and reaching Jocko
St. Paul i,2o5 miles.

^^^^^^ through the Coriacan Defde. Tiiis narrow

pass is reported to have been an Indian highway and it takes its

name from Chief Coriacan, of the Flatheads, who was surprised and

killed here by the savage Blackfeet.

The railway winds around the hills, through cuts m the Tertiary

lake beds, and passes over the Marent viaduct, which has a height

of 226 feet. It continues up through a narrow gulch

Evaro. ^ i}^q gelt series until finally it reaches a broad flat

Elevation 3,971 feet, of Evaro. near the summit of the ridge. Tliis place
St. Paul 1,265 miles.

formerly

Reservation. A few years ago each Indian was allotted a certam

amount of land, and the remainder of the reservation was thrown

open to settlement. On this summit and in the descent on the

farther side the road runs through the pine forest that formerly

covered much of the pountry, but it soon emerges into the broad,

flat Jocko Valley, in which there are some fairly good farms. At

milepost 16 an excellent distant view can be obtamed of the terminal

^.nrol^a wT,iph QUce niarkcd the extremity of a small glacier that

ih^ rnnvon in the ranse to the right. The plan of
from

on the opposite side of the creek

the train; but close ins

fragments comes down fr

around and unites Avith t

As can be seen from th(

mountains
moraine

on the right (east), though not so high as the IVIission Range, which

can be seen farther on, are steep and rugged, towermg above the

valley to the height of several thousand feet.
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Ai'lee

Arlee,

Elevation 3,094 feet.

St. Paul 1,276 miles.

own It lies in
a broad valley containing rich agricultural land and

time become im
ing center.

farm-

XIX, A (p. 119).

in this valley is shown

Just below Arlee faint beach lines can be seen on the right (east)
near the base of the hill; and a short distance farther on a terrace of

sediment

wi
which the river escapes from the valley.

ttom

composed of brownis
he sediment denosite

present stream when it was ponded by me
t) meltin

which

hich
valley has cut a deep gorge. Such a hasin is seldom, if ever, prod^'uccd
in the normal development of a stream
tainous part of Montana. It is suppc form

tanding
om of the basm, thus leaving the walls

The rocks exposed in the walls of the canyon belong to the Belt
series and consist largely of quartzite and argiUite. In many pro-
tected places in the canyon the white sand and clay deposited by the
flooded Flathead River can be seen, shoTvdng that this body of water
filled not only the vaUeys where they are wide, but also the narrow
canyons

paratively low,

Ravalli.

E levation 2,714 feet.

St. Paull,2S6mfles.

Eeservation. ]

le valley is narrow, but the hills arc smooth and com-A stage line runs from this place north 30 nules to
Poison, at the lower end of Flathead Lake, where

made with boats for KalispeU and other
towns on the Great Northern RavaUi

Flathead
acTie

to

• It 13 possible to account for the forma-
tion of -the basin in this manner, but how
did the stream cut the canyon at the out-
let? There are three possible answers to
this question. (1) The movement of de-
formation was so slow that the stream cut
the rock faster than it was uplifted.
(2) The basin was form.ed so rapidly that
the water was ponded, forming a lake,
•nils lake rose until the water flowed over
the rim, and the stream thus formed cut
the present gorge, permitting the water to
escape. (3) The valley was fiUed with

sediment, and the stream draining It sim-
ply cut down through the soft material
and trenched the barrier of hard rock
below. During this period the stream
removed the groat bulk of sediment with
H-hich the basin had been filled. "Wliich
of these explanations fits the case in hand
can not be told without a detailed study
of the region, but each process should
have left certain marks, if it has occurred,
and It is through the study of these char-
acteristic maris that the question can be
answered.
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ridge north of the station and extends from St. Ignatius to Flathead

Lake. A large part of this area is to be irrigated by the United States

Reclamation Service.*

St. IgnatiuS; 4 or 5 miles northeast of Ravallij is one of the Catholic

missions early established in this region.^ It was originah}' located far-

ther down Clark Fork, but in 1854 was removed by Father Hoecken to

its present position, on a fertile plain at the foot of the ^lission Range,

which affords an abundant supply of good water for household use

and for irrigation.

Half a mile north of Ravalli is the southeast comer of the Montana

National Bison Range, which is surrounded by a specially woven

wire fence that can be seen for several miles north of the track. Tlie

range, which is under the management of the Biological Survey of the

United States Department of Agriculture, includes both prairie and

mountains and is over 30 square miles in extent. The buffalo herd

now numbers 75, besides which there are a few antelope, deer, and

other large game animals.

Just beyond Ravalli, at niilepost 31, the traveler can obtain a

charmmg view of the rugged tops of the Mission Range on the right

(northeast). This view includes the highest peaks of the range and

is the most nearly alpine scenery to be found along the Northern

Pacific R ailway in the Rocky Mountains.

I

^Nestling between the towering peaks

of two ranges of tlie Eocty Mountains, the

Flathead Indian Reservation occupies

one of the world's most beautiful valleys.

A few years ago the allotment of land to

the Indians was completed, and the re-

maining agricultural lands were opened to

white settlement and nearly all filed on.

The Reclamation Service is building an

irrigation system to cover about 150,000

acres of land in this region. The a^-erage

elevation is 3,000 feet above sea level, and

the temperature ranges from 30° below

zero to 100° above zero. The soil is clay,

gravelly loam, and forest loam, and fair

crops of hay, grain, and fruits are fre-

quently produced on it without irrigation,

the nn

inches. kin

vegetables, and fruits in greatof grain,

variety suited to this elevation and lati-

im

The Indians are allowed to sell a portion

of their allotments, and farms may abo be

purchased from white settlers at fair

prices. The lands bordering Flathead

Lake, which has more than 50 miles of

It 13

phore line within the reservation, are

being subdi-v^ded by the Government

into summer-resort tracts of 2§ to 5 acres

and will be sold at some future date.

This valley undoubtedly has a great

future as a residential section,

located near the south end of Glacier

National Park, between two great trans-

continental railway lines. In summer

the valley is gay with flowers. The

mountain slopes are covered with fir,

larch, and pine trees; the glaciers on

their summits sparkle in the sunshine,

and at their hasp^ lakes of emerald and

sapphire delight the eye and provide the

angler with his favorite sport.

2 The first Catholic mission in this

region was established in 1841 at St.

Marj-s, in Bitterroot Yalley. The next

was the Coeur d^llene mission, founded

in 1842 in the CoFur d^^lene Valley, some

100 miles to the west. St. ^^l^ry's mission

suffered severely from the^ raids of the

Blackfeet Indians, and iu 1850 the

doned.

^nd the nns^or

mission to be

i.Iematiua.
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Dixon.

terraces of soft material, resting against slopes composed of the
iries, show almost continuously along the valley of Jocko River,

first on one side and then on the other, grooving
stronger downstream. They reach their best devel-

SS^Sii «P^e^^* ^* I^i-^^^i' ^^l^ere the Jocko joins Flathead
River, which comes down from the north. This

river drains Flathead Lake, wliich lies 26 miles to the north and is

one of the largest bodies of fresh water lying wholly within the
United States. The river is navigable for small steamers from
Dixon up to a point within a short distance of the lake, where
rapids stop further progress.

At Dixon the material deposited in Lake Missoula is fine white
sand and clay, being the ''rock flour," or fine rock powder, which
a glacier grinds from its rocky bed and which is earned off by the
streams, giving them a milky appearance. It was brought down by
Flathead River from the immense glacier that long ago occupied the
enth-e vaUey of Flathead Lake and the country farther north, where
the town of KalispeU now stands. This material was deposited in
the waters of the lake in thin layers (lamina?) that give to the cut
edges of the material a banded appearance. It is probable that the
glacier occupymg Flathead VaUey reached at its greatest extension
nearly or quite to the place now occupied by the town of Dixon, but

milepost
'wn

up the valley can be had of the Mission Range, including its highest
simmnt, McDonald Peak, and a small glacier lying in a deep amphi-
theater on the north face of the peak, where the ice is sheltered from
the rays of the midday sun. This is the only glacier in the Rocky
Momitams that can be seen from the Northern Pacific trains. (See

;Tv ^'i i.^'
}^^'^ "^'^ ^"^^"^ ""^^g"^ °^^^ks the eastern boundary

of the Flathead Reservation and is the western limit of a broad ^^dl-
deruess of mountain ranges that extend to the margin of the Great
Plains and mclude farther north the rugged mountains of the Glacier
National Park. The xMission Range was named from the Roman
Cathohc mission established at St. Ignatius, near its base, in the
ear y Mties. The range can be seen by the traveler from a point a

VItr L r T""
*" ^^^»«--W, and if the weather is clear the

vievv can be rehed on to hold the attention, especially from early in

?etd17 V '" ^""'' "^^" *^^ ^"^^S^d -^1-- -' the range'are

24 mi «" ^ T^ '""'J
"^ ''''''' The nearest peaks are about

above s^nH ""\"^V." ^''t""
'^ " ^''^' ^^-^^ ^Ln 10,000 feet

;r t ;^!'; ?lt'r^ '''''
^^^l^^-^ the railway.

mount

alley
grassy

rem
and south for nearly 60 miles. The straightness of
ont and tho sliAf^r oT.,.,,^* ,. .. . . ^ . , . *
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7^000 foot above the loWj flat plains at its base make a topograpluc

contrast that is rarely equaled in any other part of the Kockics.

This remarkably abrupt front is due to the mountain range being a

single huge block of the earth's crust raised and tilted to the east and

broken away from the block miderlying the lowlands of the Flathead

VaUey, the unusually straight front of the mountains corresponding

closely with the plane along which this break took place.

Tlie hills on both sides of the railway are made up of rocks of the Belt

series, which show little variety in the different beds of wliich it is com-

posed or in the positions in which they lie. The vaUey walls are gen-

erally dark, and they are fringed on one side or the other by remnants

of the lake terrace, which can always be identified by their light color.

In the lower part of the valley, between Dixon and Paradise, the

railway follows the banks of the river for several miles, and the

traveler can obtain many attractive views of the broad river and its

wooded islands, set off by the dark background of the ragged hiUs.

Near Perma the river turns to the left and cuts a narrow canyon

through the ridge which above this place bounds the valley on the

loft. In this nart of its course the Belt series is cut by many dikes

tmeous

m the reg iin

these igneous sheets shows m a bold hill on the north side of the river,

nearly opposite milcpost 50. The igneous material was intruded be-

tween the layere of the sedimentary rocks, which subsequently have

been turned on edge, and the diorite now forms a conspicuous out-

crop for a number of miles to the north.

At Perma another sill of the same sort as that described above

crosses the river ahnost at the station, making a loop through the

chffs immediately to the left and then crossing the
Perma,

^.^^^ about U miles farther west. This loop is

Hievation 2,512 feet, ^^^^q^ ]yj tlio folding of the shect of igneous rock,
St. Paul 1,306 miles.

inclosin

great anticline, but the bedding is so obscure tliat the loia can noi

be traced from the train.

Twenty miles to the north is Camas Hot Springs, a smaU settle-

ment where bath houses and hotels are maintained for the u?c of

summer visitors who wish to bathe in the warm mmeral water.

Below Perma the canyon is deep and narrow, and its walls are very

precipitous. Just beyond milepost 55 the raHway crosses to the

north side of Flathead River, at a pomt where several dionte sills

are conspicuously exposed. From this point to Paradise the vaHey

has high, rocky waUs that rise 1,500 to 2,500 feet above the valley

floor. The rocks are dark bro^Ynish red, but the large masses of

much

valley the appears

that are caught up

oxeat red banners

down
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valley bottom in long, graceful curves. The walls are rugged and
picturesque, but there is little or no variety, and one soon tires of

watching the seKsame combination of river, talus slopes, and cliffs.

Tlie river, however, is really worth attention and presents many
charming views of the clear water, almost turquoise-blue, sweeping
around willow-coverecl islands and between the stately pmes that

dot the river's bank. (See PL XX.) The terrace of soft material

doubtless once continued tln-oughout the canyon, for here and there

can be seen renmants of the white clav that varv tho monotonons
red of the valley walls.

sometimes
HeU •grade

« ^, which leaves the mam Ime at De Smet, follows the

winding course of Clark Fork and at Paradise, a short

st.^plui i,3i9^nL! distance below this milepost, connects vdth the main
line. Paradise is a district terminal and so becomes

the stoppmg place of many of the freight crews. The traveler, like

others who have gone over this road before him, may wonder
name

valley. The writer

s given to this narrow, rugged

valley may have looked like a paradise to some unfortun
individual

its deeply cut ravines.

intricate

one hour earlier.

ific

The valley of Clark Fork between Paradise and Plams has about
e same character as that of Flathead River above Paradise. The

rocks are similar

this The low terrace which
is so conspicuous at Dixon and which is there composed largely of
fine material scoured from the bedrock by the glacier that came
down Flathead Valley still persists below Paradise, or, rather, rem-
nants of it can be seen here and there on both sides of the valley;
but the material is puik, partakii ^ ^^
rocks and m places containing gravel beds of considerable thickness
To the traveler interested in the geologic histoiy of this region

some of the most instructive features of the topography are smaU
deltas or terraces in the side gulches at a height of fully 400 feet
above the level of the track. A typical example can be seen on
the nght (north) just beyond milepost 1. Evidently these deltas
mark the mouths of smaU streams that at one time flowed into a
lake whose surface was at the level of the terrace. The lake must
have been very transient to have left no other evidence of its exist-
ence and probably it was merely a low stage of the body of water
called glacial Lake Missoula.



U, S. GEOLOGICAL SURVEY BULLETIN 611 PLATE XX

VIEW DOWN FLATHEAD RIVER FROM KNOWLES, MONT.

Romnants of terraces on both miJll. of thu : am afford a pleasing contrast to tho more iin'fred slopej ubuvo. CUfk Fork enters tho vall^iy from tho left. Photograph by Haynes, St. Paul, Minn
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t

CABINET GORGE. IDAHO.

Clark Fork hero passes ihrough a chasm which it has cut in red shale and sandstone (Striped Peak formation). The gorg:e at its narrowest part is about 100 feet wide.
dip gently to the right. Photograph copyrighted by Haynes, St. Paul, Minr^.

Rocks
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Plains.

Elevation 2,482 feet.

Population 481.

St. Paul 1,325 miles.

Plains, formerly known as Horse Plains because it is situated in

the midst of a broad prairie t^at was used as a pasture ground for

horses belonging to the trading posts of the Hudson^s
Bay Co., is a sort of oasis in the desert of rocky

canyons along Clark Fork. Here the valley opens

and terraces are well develoj^cdj especially one about
170 feet above river level. East of the station the terrace shows on
the north, but west of the tow^n a large remnant of the terrace,

equallj^ well developed, can be seen across the river on the south.

Faint beach lines also appear on the high, smooth hill slope back
of Plains, but it is probable that the lines visible from the railway

are not the highest in this region, the others being obscured by the

timber and brush growing on the higher hills.

One of the most striking features of the valley of Clark Fork is

the fairly regular succession of narrow canyons and broad valleys,

without srnj apparent reason so far as the action of the stream is

concerned. These changes are not due to differences in the hard-

ness of the rocks, for as a rule aU the foimations of the Belt series

have about the same degree of resistance to erosion; but they are

due to great breaks or faults m the rocks. These faults have broken

the crust of the earth into huge ])locks, some of which have been

raised, some lowered, and some tilted over so that one edge is very

much lower than the other. These dropped or tilted blocks form

the broad valleys, and the raised blocks or the upper edges of the

tilted blocks have proved to be serious obstructions in the pathway

of the river, which has succeeded in cutting only naiTOW canyons

through them. This explains the broad valley at Plains and the

narrow canyons which lie directly above and below that place.

The breaking into blocks and then the tilting of these blocks

into various attitudes seem to have been the movements that gave

to this reo-ion its distinguishino: structural features.^ In some of

^East of the Mission Ranjje the rocks |
directions. As a rule, the rocks are not

very severely folded, and most of theare throvtTi into great folds or tiUed along

faults having a general northwesterly

trend, but west of that range the struc-

faults are of the t^-pe called normal faults,

due to tension or stretching of the earth's

ture is lees regularand thefoldsand faults | crust, but some of them are distinctly of

A B

-Normal

do not have a common direction, as they

do farther east. In liie area aboul Plains

sun

rendered complex in detail by minor

and

the overthrust tj-pe, due to horizonta

stresses of compression. The two kind

nf faults are illustrated in figure 30.

normal
greats
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tliese blocks. exam
Falls

?li lies between Plains

152), the rocks are slightly

bent into broad, open folds. The structure

sented by figure 31.

The rocks in sight east of Plains belong to the Prichard formation,
which dips to the west and passes below water level, and at Plains

the thin-bedded gray quartzite and argiUite of the overlying (Ea-
valU) formation come into view. This formation continues with

this

mile bevond Weeksville

same

v/^>*^

Figure 31.~Great folds in the rocks between Plains and Thompson Tails, Mont.

Ravalli. milepost

from
sync^ -^-ine. The beds here are nearly

horizontal, but toward the west they begin to rise, and near mile-

limestone disappears from

Eddy.
hiUs

Fromformation boneatli it again comes into view.

sSTx'uolli: t^^ Pl^^^ Pa^t Eddy and Frost to the mouth of

Thompson River, near milepost 26, the cliffs are
made up of Ravalli rocks thromi into folds or ^Tinkles too small to

shown in the diagram this

more
course

Thompson River the dip of the rocks brings
land limestone down from the tops of the hiSs

zontal space after the movement than

occurred
iwn by the diacToni ^rtlirust

fault is generally produced by the break-
ing of a fold. The fold and
to compression in the earth's crust, and
the reault of the movement is that the
older rocka are shoved up\rard and for-
Mrard over the younger rocks, thus giving
them an inverted relationship. Another
result is that the faulted mass occupies
less space than it did before the move-
ment began.

In the region west of Missoula there

have probably been two principal move-

ments—(1) a movement of compression,

which threw the rocks into broad folds,

the compression in some places, as in

the Glacier National Park, being so

over-intense as to produce a great -

thrust fault; and (2) a movement of ten-

sion or stretching, by which the some-

what folded mass of rock was broken by

a great many normal faults, a few
^

of

wn on the accompanj'uig

maps.
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but at this place it extends for only a mile or so and is cut off by a

fault that trends about N. 20^ W- and crosses the railway near mile-

post 29. As shown on the map, this fault separates the Newland
limestone on the east from the RavaUi quartzite on the west.

On approaching Thompson Falls the traveler can see on his right

a hill, and; if liis eyesight is particularly good, he may be able to

detect on its summit a steel tower erected by the United States

Forest Service. On this tower during the summer is stationed an

observer, who with powerful glasses watches for forest fires. As ho

can see on all sides for a distance of 50 miles, if the weather is clcai',

he is generally able to detect a fire soon after it starts and to notify

the nearest ranger by telephone. Forest fires,

swept through these

as

mountains in 1910, not only bum a groat

amount of valuable timber but may also destroy towns along their

pathway, with considerable loss of life. Under the present system

observer.

as been greatly

eliminated

Tlie towi

same name
astronomer

Thompson Falls. The water here falls 50 or 60 feet over resistant ledges

Elevation 2,458 feet, of thc KavalU formation. It is estimated that with
Population 325.

St. Paul 1.351 miles.
ins

crated at this fall. dam
and electric power is to be furnished to the mountain division of the

mile It is

mav be utilized m a similar manner

Northern

"West of Thompson Falls the bluff;

unrecosrmz

train aUi formation^ shows at railway level dipping

* The northern Rocky ilountains are

made up largely and in some places

wholly of the formations constituting the

Belt series. These formations consist of

sandstonOj shale, and limestone, but the

limestone is generally a small part of the

entire mass. The sandstone is in many
places changed to quartzite and the shale

to argillite (a hard, slaty shale). These

rocks ^v'ere first studied in detail by C. D.

Walcott in the Belt Mountains, east of

Helena, ^Mont., and hence are known as

the Belt series.

Very few fossils occur in the series, and

those that have been found bear very

little resemblance to the Cambrian faunas

with which they should be most closely

related. The only traces of animal life so

far discovered in the sandstones and argil-

all crusta-

The lime-

igments

worms
lar

forms

fossil similar

algre now growing

of New York. Walcott concludes from

95558«_Bun. 611—l£> 10
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toward the west; and across tlie river tlie Newland limestone is present

in tlie tops of tlie hills. Tliis formation appears to be flat, but that

is because the traveler is looking at the edge of beds that dip directly

away from him. This relation of limestone and quartzite to the river

and railway holds in a general way from Thompson Falls to Noxon.

At Kildee, near milepost 37, the railway crosses the river, and from

this point to Trout Creek there are two lines; the ^4iigh line'' keeps

up on the bench away from the river and the ^^\ow line'' runs near

the stream. The latter affords many interesting views of the river,

which flows in a gorge cut a hundred feet or so in the floor of the old

broad valley. *
'

a study of the fossils mentioned that the

large region in Montana, Idaho^ and Al-

berta, Canada, underlain by the Belt

series was during their deposition a con-

tinental area on which the sediments

were deposited by rivers or in shallow

lakes. The appearance of the rocks con-

firms this view, for all of them, even in-

cluding many of the thick beds of lime-

stone, are ripple marked, showing that

they were deposited in shallow water.

In places the argillite contains mud
cracks and prints of raindrops, which
could have been made only when the soft

material was above water level and ex-

posed to the drj-ing effect of the atmos-

phere or the beating of the storm. By
piecing together measurements made in

several places, it is estimated that the
Belt series, so far as it has been seen, is

from 25,000 to 30,000 feet thick; but the

base has not yet been found, and its real

thickness may not be very much greater.

In this great mass of material certain

parts, on account of their composition
and association with other bods, can
readily be separated and identified in

the areas in which they have been stud-

ied; but other parts have no character-

istics by which they can readily be dls-

tingxiished, and consequently different

workers have classified them in different

ways.

The two units most easily identified

limestone

recogniz

limestone

he named from its occurrence at the cap-
ital of the State. The general section
along the Northern Pacific Railway, ac-

cording to F. C. Calkins and J. T. Pardee,

is as follows:

Formations composing the Belt series along

the Northern Pacific Railway.

Thickness
In feet.

Helena: Limestone, dark blue or

gray, weathering buff 2, 400

Empire: Shale, greenish gray, or

quartzite 600

Spokane: Shale or argillite, with

some sandstone, all deep red. . . 1, 500

Greyson (Striped Peak); Shale,

dark gray or green, with some
white quartzite 3, 000

Newland: Limestone, blue, thin

bedded, but with some hea\'y-

bedded buff layers 2, 200

EaA^alli: Quartzite, with some

dark bluish or greenish shale. - 2, 000

Prichard: Shale, dark bluish, in-

terbedded with sandstone; base

not exposed 8, 000

19,700

The rocks of the belt series occur along

tlie Xortheru Pacific Railway from the

Bridger Mountains on the east to Sand-

point on the west. In the eastern part of

this area they form the core of most of the

mountain ranges, but west of Bonita they

are the only hard rocks to be seen, with

the exception of a few intrusive masses,

to Pend Oreille Lake. They form the

mountains of Glacier National Park and

extend along the Rocky Mountains from

the southern boundary of Montana, south

of Butte, far into Canada, covering a terri-

tory about 500 miles long by 200 miles

wide at the widest place.
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This part of the valley of Clark Fork was not seen by Lewis and
Clark, but it was discovered soon aftenvard by the agents of the

various fur companies, then exceedingly active in exploring new terri-

tory, and later it was examined in detail by the Government engineers.^

plored the valley down past Sandpoint

as far as Priest Rapids and up Clark Fork

and Flathead River to Dixon, where the

Flathead reaches the railway from the

north. On cue of these trips up the river

he established another trading post near

the falls that were subsequently named

these advance guards of white civiliza- in honor of their discoverer. This post he

^ Soon after the return of Le"wis and

Clark the adventurous agents and ex-

plorers of the fur companies were engaged

in examining every valley in the North-

west for fur-bearing animals and selecting

sites for trading posts on almost every

navigable stream and lake. Most of

tion kept no record of their wanderings,

but two of them, Alexander Henry and

David Thompson
J
conn acted with the

Northwest Fui* Co., left excellent notes of

their explorations and their dealings with

the Indians in the northern United States

and southern Canada in the early years of

called Saleesh House, from the native

name for the Flathead Indians. After

the establishment of these trading posts

Thompson continued westward to the

Columbia, and he was the first white man
to pass down that stream from the mouth

of Priest River to Pasco, where the

nvcr.

the nineteenth century, AlexanderHenry Northern Pacific Railway now crosses the

was a fur trader with only one ambition,

to further the interests of the Northwest

Fur Co.; but David Thompson was an

Although the fur traders explored the

valley of Clark Fork as early as 1806, their

astronomer and scientific explorer, and reports were made only to the officials of

his notes afforded much more accurate the companies, who had no interest in

data regarding the character of the

country and the location of important

places than those of almost any other man
who traversed this region in the early

days. The territory covered by these

men was largely the same, but Thompson

explored the region about Clark Fork and

Pend Oreille Lake, while Henry was en-

gaged in trade with the Indians at the

head of the Columbia,

In 1806 Thompson descended Kootenai

River to about the place where the

present Idaho-Montana line crossed that

stream and proceeded southward along

an old Indian trail across the Cabinet

Mountains to Pend Oreille Lake. He
reached the outlet of Clark Fork into

Pend Oreille Lake September !) and 1>uilt

a trading post on the point just north of it.

This post he called KuUyspell House,

from the name of an Indian tribe. In

the modified form of Kalispell this name
is now applied to a thriving town, on the

Great Northern Railway, near the north

end of Flathead Lake, So far as known,

this was the first visit of a white man
to Pend Oreille Lake and Clark Fork.

Prom Kullyspell House Thompson ex-

promoting settlement, and consequently

the public had little information concern-

ing this interesting region until it was

examined by the Govenmient engineers

who in 1853-54 explored it thoroughly to

find the best route for a Pacific railroad.

In 1853 Lieut. R. Saxton passed this way

on his route from the Pacific coast to the

headquarters of the expedition in the

Bitterroot Valley. Saxton proceeded

up Columbia River and across country

to Pend Oreille Lake, which he reached

August 12. He found that, owing to tha

hi^^h steep mountains, it was impossible

pass

diffi

skirting the north end, where Hope is now

situated. He then proceeded up Clark

Fork, but he found the route verj^ rough

and difficult, for the stream in many

places swung so close to the bluffs aa to

make it necessary for the party^to find a

way over the rough mountain sides.

After passing Thompson Falls and ascend-

ingFlathead River to the site of Dixon, he

went up theJocko and crossed the summit

at the head of the Coriacan Defile to St.

Mary {Steveiis\ille), in Bitterroot VaUey.
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The railway, from the pohat where it crosses Clark Fork to Trout
eek, follows the outcrop of the Eavalli formation, which dins to

higher formation, the Newland limestone

com

far distant and so nearly covered with trees that it is doubtful if the
traveler will be able to distinguish formations.

Just beyond milepost 50 the tram crosses Big Beaver Creek, a
large stream joining the river from the south, and a little farther on
Vermilion Creek enters from the other side. The valley of the
VermiHon is particularly interesting, for at its mouth there is a
marked delta, visible from the train on the high line, which is 320
feet above the present river level. This delta could have been built
only when the valley of Clark Fork was filled with water up to that
altitude, and it probably marks some stage—possibly a closing
stage—of glacial Lake Missoula. The reason why the valley of
Vermilion Creek contains a more pronounced feature of this kind
than the adjacent tributary valleys is that it connects at its head
by a low pass with a valley draining into Kootenai River to the
north. Through this low pass a large stream evidently flowed from

some time m the remote past. At that time all the
alley

4/7

'wn from the north, blockin

fiUed

throu
of \ ermihon Creek. The sand and gravel carried by this stream
were dumped mto Lake ^lissoula when it stood 320 feet above the
present level of Clark Fork. This was doubtless only a temporary
outlet, else more material would have been brought domi, possibly
enough to completely fdl the valley of Clark Fork.
At Trout Creek the hills on thp smit.li n^n nr.r^r.^c^r.A ^f ^i,^ \t^„^i^^a

which
gle of 40°. It is

Trout Creek.

Elevation 2,374 feet.

hi

this is the same belt of limestone

stPauii.3^'X: Ai^ompson Falls, and it is undoubtecUy the same
tne limestone wliip>i r^nni^-nc^ r^r^ +t.^ ^t :j^ ^t

valley as far as Noxon.

swinsrs

Creek the river makes a decided
ist the bluffs on that side. The

milepost 59 is close to the mountain
side which is nearly bare, havmg been swept cL'an of trees in the
great forest fires of 1910. On

hnueac^n nnes are visible. They can be identified up the slopes to a
height of 1,200 feet above the river, or 3,500 feet above sea level, but

markinsrs has been found. The
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uppermost beach line here probably corresponds -with tlie liighest

one obserred near Missoula and Dixon and, as tbese beach lines were
r

formed by the same body of water and therefore must have been

horizontal, it is almost certain that the crust of the earth has been

tilted since the disappearance of the lake, the surface about Missoula

having been raised 1,000 feet above that at Trout Creek, as explained

on page 134.

Just beyond milepost 59 the roadway is cut in the base of a high

chff which is composed of Newland limestone lying nearly horizontal.

The argillites and quartzites showing across the river and in the

pyramidal island in the stream are vertical, hence there must be a

fault between them wliich coincides in a general way with the course

of the river. •

Near milepost 67 a charming view is to be had of the cliffs on the

south, which stand like a huge castle with battlemented walls.

The Newland limestone is exposed almost continuously along the

river from milepost 59 to Noxon and for some miles beyond. It is

generally horizontal or dips shghtly to the northwest.
N^^*^^- Nearly opposite milepost 74 Bull Eiver joins Clark

Elevation 2,187 feet. Fork from the north. This tributary valley is con-
,

mi es.

j^^^^^j ^y ^ broad, deep trench directly through the

Cabinet Momitains ^\ith the valley of Lake Creek, affording in glacial

time a direct outlet for the great mass of ice that kept crowding down

from the northern country. In this great trench the ice at its maxi-

mum was at least 2,000 feet deep. As soon as it emerged into the

more open valley of Clark Fork it was reinforced by a large ice tongue

that came down by Sandpoint and deployed up the Clark Pork ViiUey.

These two masses blended and filled the valley from Pend Oreille

Lake to Noxon, forming an effective barrier across the pathway of

the stream. Behind this barrier the body of w^ater known as glacial

Lake Missoula accumulated. In its passage up the valley the glacier

left abundant evidence of its presence and work by the scouring which

the valley received, the scratches on the rocks, and the bowlders of

granite and other crystalline rocks which it carried into this area.

The bowlders were not only dropped upon the valley floor, but many

of them were left stranded on the vaUey wall up to a height of at

least 2,000 feet above the stream.

Beyond Bull River there is httle of interest for some distance.

The valley walls are composed of Newland limestone,

Heron, Mont. \^hich dips gently downstream. Just beyond mile-

evation 2,267 feet, p^^g^ 87 a fcw milcs wcst of Hcrou, the train crosses
.Paul 1,398 mnes,

^^^ ^^^^^ ^^ ^^^ j^^^^^ ^^^ bouudary being indi-

Elevat

St

cat^ by a signboard.
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those wlio remember Idaho in their school geographies as

pink block, shaped like an easy chair facing east, it may be
mterest that this State, which in

Idaho. fifth

combined
tnan the six JNew J^ngland States with Maryland included fo

measure. It is divided into 33 counties, the smallest of which

combined
exceeds

Idaho covers an area of 83,888 square miles, divided principally

between the Rocky Mountain region and the Columbia Plateau, only
a small part, in the southeast comer of the State, lying in the Great
Basin. In elevation above sea level the State ranges from 735 feet,

at Lewiston, to 12,078 feet at the summit of Hyndman Peak. It is

drained by the Columbia mainlv throi

ainfall

differ
o

minm
•ics of the State are chiefly agriculture, stock raising,

Hay, wheat, oats, and potatoes are the principal crops.

cultivated by irrigation. The mmer
includes gold, silver, copper, lead, and zinc. The output (

1913 was valued at $13,986,366, that of silver at $6,033,473.

m

m

A short distance west of the Idaho line the Newland hmestone,
which has formed the walls of the valley for the last 10 or 12 miles,

dips below water level, and the quartzites of the
Cabinet, Idaho; overlymg formation (Striped Peak) appear. These

Po'puiSonm^*" ^^^^ ^^^ ^^ ^^c^ ^a^tler than the hmestone that

St. Paul 1,404 miles.

XXI

tne nver nas succeeded m cuttmg through them only
a narrow, tortuous passageway known as Cabinet

volume through a
crooked defile not over 100 feet wide, and it is estim ,__.
horsepower could be developed here with the natural flow oY the
stream. The gorge is soon passed, so that those who wish to see it

should keep a close watch on the righfas soon as they cross the State

m Drignt-red and green argiUite and thm
milepost 91 there are many

formation) overlying the Newland limestone. These
mark the middle of a broad, flat syncline, which crosses the river in
a north-south direction. Farther west the rocks dip upstream, and
at the railway bridge the top of the Newland Ihnestone may be seen
on the north bank of the river.
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The village of Clark Fork is situated at the head of the delta which
Clark Fork has built where it enters Pend Oreille Lake. Below the

villa

Clark Fork. hallow
Elevation 2.094 feet, and windmg among rockv islands that rise here and
Population 492 *

• n i i^ i • rru i v
St. Paul 1,412 miles, there m the delta plain. Ine rocks are limestone

(Newland), dipping up the stream toward the axis

iynclinej but about 2 miles from
t»

limestone has risen above water level, and the underlying red argil-

lites and quartzites (Ravalli) are exposed in the cuts.

West of milepost 97 the traveler may get glimpses here and there

of Pend Oreille Lake, but it is not until the train approaches Hope
that an unobstructed view may be obtained. If it

Hope. js ^ clear day, the waters ripple in the sunshine
Elevation 2,087 feet, against a dark background of rugged mountains,
Population 215, i_ x •*• ii • i i.i, i i ± a-
St. Paul M21 miles. t)ut II the air IS hazy the lake seems to disappear m

the distance between misty walls that rise on cither

side. One can but wonder w^hat Ues beyond that rocky gateway and

long to board the little steamer lying at the dock and explore its

remotest reaches. The broad expanse of water along the north

.e charm of the picture.

The French term nend (pendant) d'oreille means

grea

this

lunt of its neculiar

name was originally given to a tnbe of Indians because of their cus

torn of wearing earrings and then was applied to the lake becaus*

these Indians mhabited its shores.

The lake is about 50 miles long and from 2 to 15 miles wide, anc

it is said to be very deep. As it is long and narrow and lies betweer

mountains 2,000 to 3,000 feet hig:h, it must, if the reported depth o:

north.

ct, occupy a canyon rivaling in size and depth the

of the Colorado, in Arizona.

e of the lake, near the place where Hope now stands,

main trails that led into the Kootenai country to the

these trails supplies for the mining camps and goods

the Indians were taken in and cargoes of precious furs

)ut the traffic has ceased and the trails have become

im Hope is built on the side of a mount

its streets occupy levels 300 feet apart. It is important now as tJ

site of a large sawmill and as a port for the small traffic on the lai

The rocks back of Hope belong to the Prichard formation, whii

extends for about 7 miles, but they are cut by many dikes of grani

similar to the sreat mass west of Sandpoint. The rocks also sho
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greater metamorpliism (changes due to pressure or to heat) toward
this mass of granite, and on this account do not bear a close resem-
blance to those of the samo ncro fflrthpr past

ueyona miiepost 111, west ol Uden (see sheet 21, p. 160), the valley
between the Cabinet Range on the east and the Selkirk Range on the

am Down this great valley a glacier once forced
its way from Canada past Bonners Ferry and extended many miles
south along the route followed by the Northern Pacific to Spokane.

extreme
m

generally low, and the view is not so striking as that
Sandpoint obtained from Hope moun-
Elevation 2,096 feet. taui
Population 2,993. - ,

St. Paul 1,137 miles. ^f tl

different

sniootlu:

same
explanation. This long ridge does not rise abruptly from the water
level at its north end, like the mountain slopes on the other side of

FiGUEE 32.-Profile of mountain slope east of Sandpoint, Idaho. Ice moved in the direction indicated
hy the arrow and scoured the slope smooth.

the lake, but rises gradually to a height of 2,000 feet above the
lake. Tlie profile as seen from Sandpoint is represented in figure
32. The explanation of the gentle slope is that the great glacier

down
more

mountam and possibly completely overrode it. This mass of
with its embedded rocky fragments, ground ojff all irregularities
tie mountam side, leaving it a gently inclmed slope from bottom

to top. Ihe direction of the moving ice is indicated on the diagram
by the arrow.

and the Spokane & Interna
tional (Canadian Pacific) raUways approach the Northern Pacific,
but the Great Northern at its point of nearest approach is 2 miles
from the lake and can not be seen from the tram
South of Sandpomt the railway crosses the lower end of Pend

Oreille Lake on a steel and concrete viaduct 4,769 feet long. From
this viaduct may be obtained, if the day is clear, a comprehensive

IT t!i°''''^*^'.'^* ^^ ^^^^ ^"^^^ I^«ke. The significant
feature of this momitam mass is not its height or its ruggedness,
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but the evenness of its summits^ as if the region were a vast plateau.
As this is the country through which the westbound traveler has
just come, he appreciates that such is not the case, but the moun-
tains are made up of ridges of nearly the same height, the tops of

which, at a distance, blend so as to appear like a flat-topped mountain.
The even crests of such ridges and mountains are supposed to

have been formed when the land was low lying and in fact nearly

a plain (a peneplain).^ At that time there were no mountains in

this region and the surface was as flat as the prairies of North Dakota
and probably much nearer sea level.

For some distance after crossing Pend Oreille Lake the railway

skirts the base of the mountain on the left (east), and the cuts through

the low spurs reveal the granite in many places. On some of these

ledges, even from the moving train, glacial strife (scratches in the bed-

rock made by rock fragments embedded in the ice and forced along

under enormous pressure) may be seen. The direction of these

scratches is parallel with the railway and shows that the glacier

moved up the valley toward Spokane.

The railway crosses the valley, cutting through many knolls of

gravel and sand deposited by a stream which flowed from the end of

seems to ha\

ts limit and

If after the formation of such, a pene-

plain the land is uplifted evenly over a

wide area, the peneplain, instead of

being near sea levels will form an upland

or plateau. As such an elevated tract is

ma
canyons will soon be cut back from the

edge of the plateau or from the moutlis

iams

reach

^ The constant tendency of almost all

natural processes going on at the surface

of the earth is to wear away the high

land and to reduce the continent toward

sea level. As these processes are always

at work wearing away the higher points

of the landj it follows that in time the

surface of the land would be reduced to

a plain were there no counteracting forces

at Work. The forces that tend to inter-

fere with the reduction of the surface of

the earth are those that produce move-
ment within the crust, for such move-
ments are almost always accompanied by
elevation at some point, and when this

occurs the reduction process is of neces-

sity begun anew and carried on all over

again. If, however, crustal movements
do not occur for a long time, the surface

of the earth is reduced nearly to a plain

that stands near but not at sea level.

Such a surface has been named a pene-

plain (meaning '^almost a plain"). In

most regions the process of reduction in

the past has been interrupted by the

elevation of those particular parts of the

crust before the surface was greatly

reduced, but in certain places the proc- | appear like the level top of the plateau.

farther back into the upland and new

canyons will be established, until finally

all the even surface of the peneplain will

and
wiU

un
ing on the amount of the uplift. Despite

the fact that the region has lost its even

surface, the hills or mountains will have,

for a long time, about the same height,*

and their summits will be but little

below the surface of the old peneplain.

coun
distance

the e\en crest lin^ of the ridges still
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the elacier during: the retreat of the ice from its farthest southwardj3*.«v.*

—

-—*o
extension. Near milepost 24 can be seen on the west a slope of

massive granite that has been laid bare b}^ the ice and has been

smoothed and rounded by the same agent. Such bosses of rounded

rock have been called by the French '^roches moutonnees^' (sheep-

back rocks), and this term has now come into common use in this

country.

All the indications thus far observed point clearly to the occupation

of this valley by the ice. Tlie small lakes which abound in the district

afford still further evidence of the presence of a

Cocolalla. glacier and the consequent rearrangement of all the

Elevation 2,228 feet, drainage lines. Cocolalla Lake occupies a depression

SCu^r^^^miies. temmed in by hills of gravel that was deposited by

the ice or by water flowing directly from the front of

the glacier. South of Cocolalla the valley is more or less swampy
(another indication of a recently established drainage system), and

the granite lies on the west* Farther south the granite can be seen on

the east side of the track, hence it probably underlies most of the

valley; but; if so, it is well concealed in places by glacial drift.

The village of Granite is appropriately named, for the granite is

well exposed there. A short distance beyond the station the railway

crosses a high bridge over w^hat appears to be a deep,

Granite. irregular channel scoured out by the ice, and the

Elevation 2,269 feet, kuobs of granite, scored and rounded, rise about it in

st^PauiM^s miles, ^^ directions. After passing through a small tujmel

in this rock, the train emerges into an open drift-

covered plain strewn with bowlders of granite broken from the ledges

near the tunnel and carried southward by the ice. Many of these

bowlders are 20 feet in diameter, and they occur along the track for a

distance of 7 miles from the village of Granite.

Although there are many lakes in this general region, they can not
be seen from the train for the reason that they are near the margms of

the hills, whereas the railway keeps the middle of the valley. From
a point near Athol there appears to be an opening in the mountain
wall which bounds the valley on the east. In this break lies the
upper or south end of Pend Oreille Lake. The lake is easy of access
from this direction and small steamboats will take one to almost any
place along its shores. Spirit Lake lies on the west side of the valley,
and^ a little farther south is Fish Lake. The largest lakes, Pend
Oreille, Hayden, and Coeur d'Alene, are on the east and south sides of
the valley. All these bodies of water have resulted apparently from
the damming of the lateral valleys by sand and gravel brought down
by the glacier
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The Spokane International Railway approaches the Northern

Pacific line on the right near milepost 43j runs parallel with it for some

distance; and finally goes under it between mUeposts

46 and 47, beyond Athol; and disappears on the left.

Originally this valley was covered wath a growth of

scrubby pine and it was not supposed to be suitable

for agricultural or horticultural pursuits, but in recent

have been successfully grown, and now apple orchards

he raiWay for many miles- Although the valley is

continuous^ there is a constriction near Lone Mountain and a division

The water north of this place finds its way into the

Athol.

Elevation 2,400 feet.

Population 281.

St, Paul 1,465 miles.

years

amage
Columbia b^

same trunk stream throu

Mountain is a consoicuoi

Near milepost 51 Lone

t ("west). It rises to a

height of about 1,000 feet above the plam. To judge from the bare

rocks

or not the glacier passed over its summit is an open question.

At Ramsey, a station directly south of Lone Mount
'

Ramsey.

Elevation 2,340 feet.

Bt. Paul 1,472 miles.

eastboimd track divergmg to the left,

to unite again with the westbound track at Euth-

drum, the next station to the west. In gomg west-

ward the train gradually approaches the mountain

mass on the right, and at Kathdrum it is only a

from his

Archean
younger

Bathdmm.

ElevaUon 2,212 feet.

Population 725.

St. Paull,478 miles.

formation greatly changed

been settled. At Rathdrum the Northern Pacific

crosses over a new lin Wa
Northern West

runs near the hiUs
hich

map before the eyes of the traveler. Most of the vaUey bottom is

farming land, but some of it is too graveUy to be

ire. The valley is par-
Hauser, Idaho.

Elevation 2,140 feet.

Population 382.*

St. Paul 1,485 mi] ea.

much value for agricult

ticularly

Hauser. Hauser

d'Alene

Lake, and there is steamboat service on the lake and railway conn

1 Schist is a rock in which, a parallel <

foliated structure has been developed I

fihearing.cr by pressure, a process gene

ally accompanied by more or less recrj'

taUization of the material compoalng

Schists)aral]el to the cleavage.

: been originally sedimentary

ocka, but if the schistoslty

loped the original character

xa cyAnArallv obliterated.
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from Alene
below by F. L. Ransome, and thence across tlie mountains to Missoula.

Between mileposts 66 and 67 the railway crosses the line between
the States of Idaho and Washington, the exact point bemg indicated
by a sign at the roadside.

admitted

Washingt

f^ashington has a land area of 66,836 square miles.

to the Union in 1889. In 1910 it had a population
of 1,141,990. Owing to its position on the coast, the

first settlement in what is now Washing

to be occupied

made at a comparatively early date. The places

Hudson Of
these Fort Vancouver, on Columbia Eiver, established in 1824, was

W
lyiiig posts to the east and north, respectively.

^The Coeur d 'Alene district, %\^03fe

one-third

nited

annual <

western

Idaho

Ranfi-e

is sometimes called the CcBur d 'Alene
Momitains, It is to turn the flank of this
lofty barrier that the main line of the
Northern Pacific smngs northwestward
down the valley of Clark Fork and then
w^tward by Pond Oreille Lake.
From the east the district is sen.'ed by

a branch of the Korthem Pacific which
leaves the main lino at De Smet (change

Missoula) and

range

Riv
Spokane, on the west, the traveler may

an

Wa.shington Railroad & Navigation Co. 's

line around thesouth end of Cceurd 'Alene
Lake, or he may proceed by one of three
railway lines to the town of Coeur d 'Alene,
at the north end of the lake, and there
embark on a steamer which connects at
Harrison with tliA tmina nf ^^\^^. r\^^.

ashin:

the heart

nun
dAlene district would be nearly as com-
plete a wilderness now as when Mullan

moim
ago. It contains almost no
tnd the timber, while good

enough for mining purposes, would prob-
ably not have been sufficient inducement
to bring railways into the region. Mining
is the one paramount industry of the dis-

trict, and upon it all others depend.
ft - ^

una
m the mines and concentrating works,

and the total population of the district is

estimated at 12,000.

Wallace, the principal town and the
seat of Shoshone County, contains 3,000

people and is situated at the confluence
of Canyon and Ninemile creeks with the
South Fork of Coeur d Alene Pviver. This
situation and the fact that it is the termi-
nus of the Oregon-Washington Railroad &
Na\igation Co.'s line from the west and
the Cceur d 'Alene branch of the Northern
Pacific Railway from the east make it the
chief distributing point of supplies for

the district.

Although the Mullan road passed
through what is now the most productive
part of the district, 20 yeara elapsed
before anyone realized that the steep,
thickly forested hillsides visi}:)le from tha
road concealed great deposits of lead-
silver ore. It was not until 1884 that

mm
sources of the region by the exploitation
of the gold-bearing gravel and quartz
vems on Prichai-d Creek, in the' northern
part of the dist:

lead-silver veins

Discovery

and

had
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For a number of years the hunting and trapping of fui'-bearing

amm
away and farms established. From the necessity of getting rid of the

lumb

settlement down to the present time has been the leading industry

of the State. In 1909 the value of the timber and lumber products

was S89,000;000.

Agriculture at first flourished only along the Sound, west of the Cas-

cade Mountains, where rain is abundunt; and the eastern, semi-

arid part of the State was utihzed only for the grazing of cattle,

horses, and sheep, Eecently much of the land in the Yakima and

Wenatchee valleys and along the Columbia has been reclaimed by

the construction of irrigation works, and now it is renowned the world

deposits in productiveness and value.

Since 1903 the district has produced con-

siderable copper and of late years in-

creasing quantities of zinc.

The production of Slioslione County

(wMch is practically tliat of tlie Cceur

d'Alene district) for 1913 was as follo^\'s:

Gold, $81,749; silver, 9,337,109 fine

ounces; copper, 5,097,894 pounds; lead,

296,740,946 pounds; and zinc, 21,415,565

pounds, valued in all at $20,767,410.

Tlie total value of all the metals produced

in the district since mining began is ap-

proximately $262,608,000.

The mines that have been most pro-

ductive of lead-silver ore during the pa^t

tew years are the Bunker Hill and SulU-

van, Morning, Hercules, Last Chance,

Senator Stewart, Standard-Mammoth,

and Hecla. The Tiger-Poorman, at

Burke, once a large producer, has been

worked out. The Standard-Mammoth is

exh:

lun

adjoining Greenhill-Cleveland mine,

Tlie one large copper mine of the district,

the Snowstorm, has yielded ore of* the

gross value of about $11,000,000.

The rocks in wliich the Coeur d'Alene

ores are found belong to the Belt series.

These beds in the Coeur d'Alene district

have been crumpled into folds and have

been intruded by masses of molten mate-

rial (magma) which, on cooling, solidified

as a granitic rock known as quartz mon-

zonite. During or after the solidification

of the igneous rock the region was trav-

ersed by great cracks or fissures along some

of which took place movements amount-

ing to thousands of feet, producing what

aults. In other places,terms

less

tions, probably connected with the intru-

sion of the granitic rock, deposited the

ores, partly as fillings of open cracks but

largely as replacements of the adjacent

rock by chemical processes. After the

irif».iioi,^Ti nf fhA orranite and the formation

une\

thousand;

thickness

ver.

action of weather and streams. This

erosion exposed the once deeply buried

granite and the ore.

The principal mineral of the lead-silver

ores is galena (sulphide of lead) which in

this district invariably contains some sil-

Other common minerals of metallic

luster associated with the galena are py-

rite (sulphide of iron), pj-rrhotite (mag-

netic sulpliide of iron), chalcop>Tite (sul-

phide of copper and iron), and sphalerite

(sulphide of zinc). The characteristic

waste mhieral of nonmetallic luster as-

sociated with galena, that Is, the gangue

of the ore, is siderite (carbonate of iron).

The ores, as mined, carry, as a rule,

f.nm 5 to 50 per cent of lead and from

of silver to the ton. All

ouL Lu. x-s^^--- Sr^^^ are concentrated

in the district, by milling, to a product

containing about 50 per cent of lead

and from 15 to 55 ounces of sdver to the

ton.

ounces
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over for tlie quality of the apples produced. In many districts fruit

raising lias been carried to the extrenej and now there is a tendency

to the greater cultivation of aKalfa and grains. One of the most

interesting features of the agricultural development of Washington

has been the transformation of the lava plateaus of the central and

eastern parts of the State into great fields of wheat that stretch for

miles without a break. The success of dry farming in this region

made Washington one of the great wheat-raising States of the

country. In 1909 its yield of wheat was v/orth S35,000;000; and its

forage crops $17,000,000.

Washington produces yearly metals valued at $1;000;000, but

the chief mining industry has been and still is the mining of coal-

Coal was first mined in 1860 in Whatcom County, and a little later

near Issaquah, in King County^ but shipment to San Francisco did

not begin until 1871. Since that time many mines in several fields

have been developed, and the industry of mining grew rapidly until

it reached its maximum in 1910. It declined then because Wash-
ington coal came into direct competition with the fuel oil of CaH-

fomia. It is estimated that in 1913 fuel oil replaced 5,000,000 tons

of coal in the markets tributary to Puget Sound. The value of the

coal mined in Washington in 1913 was $9,243,137.

The products of the State are valued about as follows: Manufac-
tured products (1909), $220,000,000; agricultural products (1909),

$103,000,000; minmg products (1913), $17,000,000.

Beyond the State lino the railway continues along the north side

of the valley, but the valley is not so wide as it is farther east. Apple
orchards are numerous and in places extend along the track for

mi
milepost 76 the hiUs on the riirht (north), which are in

view, take on a different aspect, and a close inspection shows that

they are capped by a flat-lying mass of dark rock. This is the

Yakima basalt, one of the principal lava sheets of the great Columbia
River basalt which, together with that of nearly the same age in the

Snake River valley of Idaho, constitutes one of the most extensive
lava plams m the world. The lava flooded all of central and south-
ern Washington and large areas in Oregon and Idaho, and the traveler
will see little else in the way of hard rocks from Spokane to the east

foot of the Cascade Mountains. It flowed f^^m'n^f. i>.^ainst the mountains
and tiery streams extended up the vallevs headinc? in i

range Alene
m

covered by the glacial gravel. The
to be seen by a traveler comincr from

first
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Between mileposts 77 and 78, west of Irv

Spokane River, the water of which is so heautifull}^ clear that every

object on the bottom is plainly visible. Near

road constructed bv Lieut. Mullan crossed

this noint the inili

This

main vallcv from

Alene

Lake.

We
kind

which the ice brought down from the north. From their abundance

the noint of irreatest advanceit is supposed that these bowlders mark the poi

of the ice and are in the nature of a teiTuinal

feature has

valley, as is usual at the extremi

untry

iD
hills, for the highest knob

com
into this region from hiUs

which

skii can

train

1 Spokane River has been beset by

many difficulties in carving its present

channel. At the time the great flood of

lava inundated the region, there waa

evidently a deep valley here which waa

flooded with the molten material. This

inundation did not come as one great

wave, but doubtless flood succeeded

flood with fairly long intervals between

until the lava was piled up to a great

thickness, nearly obliterating the orig-

channels

"Wh
part

the old couraes, but in most localities the

eruptions changed the face of the entire

country, so that the streams were com-

pelled to carve for themselves new valleys

in the hardened lava. This process was

well along when the great glacier, laden

with the rocky fragments it had plucked

time the stream was obstructed and ita

valley greatly modified, but with the

agam

carve

stream of its size. begu

ita mouth, but gradually ita gorge has

until

which marks the point where active

cutting is in progress, has reached ita

present position in the city of Spokane.

Here the riv^er makes a series of plunges

over precipitous slopes of basalt, Orig-

formed

igains

rocks in their downward plunges, but now

the stream has been obstructed for the

ime by a dam
productit

SW'

valley. carried

glacier were distributed by fhe streams

flowing from the ice front and scattered

over the entire valley, filling it to the

height seen to-day. Thus for the second

of power. The
seasons

scarcely a trickle where once the river

leaped and boiled in it^ mad rush over

the jagged rock. To-day the water drives

great turbines that generate 30,000 horse-

power for municipal uses and for operat-

ing mines and mills in the Coeur d'Alene

district.
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F

terminal

3 the center of an extensive agricultural and mining
region that is frequently referred to as the

'

'inland
Spokane, Wash, empire of the W settlement
Elevation 1,919 feet.

Population 104,402.

St. Paul 1,505 miles.

Hshed at this place, and in 1881 it was incorporated

as Spokane Falls, but later the second part of the

name mam

Wasliin

transcontinental railroads crossing:

Fort
more modern miht

is attractively situated on the bluffs of the river just below the city

from
On leaving the station at Spokane (see sheet 22, p. 164) the tram

some
of the falls, and then turns to the left up the valley of Latah Creek.
Here

gravel, which

into

down the mam y

gravel is bedded.^

This is evident from the way in which the

The v-lley of Latah Creek, as well as that of Lake Creek, up wliich

form

nmnber
formed at the same

1

meamng would tlirow much hght on the conditions prevaihng

^ Careful inspection shows that the sand
cross-bedded

cros£-bedded

Latah Creek, Figure 33 represents the
edges of the beda aa they are exposed
the side of the cut. This sandy material

top of the bed A and laid down as a thin

layer on the sloping surface AB. This

basin

fiUed

stream

un.

.-Cross-bedding in glacial gravel on Latah Creek 1 mile west of Spokane

was that is, the
material was washed into the side valley,

down
and

surface

The point A

which the material could not be piled.

to the same height as the river channel,
so the gravel was dropped in the main
valley, building it up to the height of D.

At this new height the process was re-

peated until the side valley was filled to

the line DF and eventually to the high-
Additional material was earned along the est point the water reached.
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at that time, but unfortunately no one has studied them carefully

enough to read their history in detail.

The bedrock on all sides is the basalt^ which consists either of hard,

dense rock that represents the interior of a lava flow or the more

mat
steam.

Althoudi the flows of lara were very extensive, either the molten

aterial did not completely engulf the hills composed of older rocks,

thp, lava that buried them has shice been removed, uncovering the

schist at the surface over small areas. can

reachin

other areas farther on

.

The schist is easUy dis-

tinguish ible by its Tight

color. Such occurrences

of old rocks in the midst

of the flood of lava are

found only near the mar-

.11 1 CTWI^L
"^t \

T/
-* i ^

i '*

K' ^
l2^ r

FiGXTRE 34-—Island of gneiss or schist in the lava (Yakima

Imsalt)

molte

oreat

hm.T

From Marshidl a branch of

to the Palouse country. Two
the Northern ]

can be seen on the right.Marshall-

Elevation 2,137 feet, the Oregon-WashmsTton Kailro
Population 757.*

St. Paul 1,514 miles.

hn

and the other is the Spokane, Portland & Seattle

Railway. Just beyond niilopost 98 the Northern

^^+Tl +'hA<2/^ Utipg nnd r^ontinues on their ri^ht to Cheney,

the next station.

^ Alolten lava, as it issues from the earth,

is always charged with steam. While the

lava remains underground the steam can

not escape, but when the lava reaches the

surface the pressure is relieved and the

steam expands and coUects in bubbles,

which rise to the surface and bui-st, giving

off the clouds of vapor that always rise

from a moving flow of lava. Many bub-

bles, however, can not escape, and they

become, as it were, frozen in the upper

part of the flow, giving it a vehicular or

seen

from the train in many places.

9555S'>_BuU. 011—15-

^ — *

Columnar jointing, perpendicular to

the cooling surfaces and therefore nearly

vertical, is the most uni\^ersal and strik-

ing structural feature of the basaltic flow.

The columns var>^ greatly in size

regularity of form, their diameters rang-

ing from a few inches to 6 feet. Cross

and

prisms

a rule pentagonal (five-sided) or hexag-

onal (six-sided), and polygons of four,

seven, or eight aides are also common.

Columns, such as those described above,

may be seen in almost everj^ good ex-

posure of the hardened lava.

11
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Cheney-

Elevation 2,345 feet.

Population 1,207.

St, Paul 1,521 miles.

r

leney a branch line turns to the north and runs to Medical

Coulee Citjj in the heart of the Big Bend country, so called

because it hes inside of the great westward bend of

Columbia River. The two railways just mentioned
he only a short distance to the left, but beyond
Cheney they bend to the east and can not be seen

asrain from the Northern Pacific Hne. althouo^h thev

Columb
Washingt

Cheney is situated

Near the railway

the traveler sees little but bare rock, but he can catch glimpses here

and there of the low rolling hills that constitute the great wheat belt

of this part of the State, The railway foUows in a general way a

urface
Tyler,

Elevation 2,301 feet.

Population 421*.

St. Paul 1,532 miles.

be surprised at riding over such a wide stretch of

country without seeing any flowing creeks or even

humid rcgcreek channels.

channel in every valle}-. Even in the arid country
of the Southwest there are established watercourses, which, though

but here there

^y
only and no stream

channels are to be seen. may
out in a more or less definite line, a series of shallow basins holding
swamps or even shallow lakes, but these have no outlets above
ground, and if they are coimected at all the connection must be by an
underground channel. It is evident that during most of the year

runnm
from Spokane to 7 inches at Pasco, Most

and the remainder finds its wav into 1

open layers between the sheets of dense lava and reappears as

some
A possible explanation of the pecuhar scouring of the surface rocks

mto basins without any definite stream channels is that it was done
by ice. This subject is more fully considered in the footnote given
on page 163,

1 F. C. Calkins states: "It [the soil] ia

poroua

absorbed

the water is held in them by adhesion

or capillarj' attraction and yields to the

- force of gravity only slowly and to a corn-
proportion is lost by run-off or by evapora- paratively small extent/? Therefore a
tion from puddles than would be lost if lai-e proportion of the slight precipita-
it were more clayey and impervious, and, ^ • • ^ - - -

hand
to allow the water to sink rapidly and
become unavailable, as it does in a deep
sandy soil. The spaces between the
particlee of the fine loam are so small that

surface

to be used by the growing wheat, and

euccedsful grain culture is possible with

a rainfall that would be insufficient in a

soil of less advantageous phyBical consti-

tution.
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numb
which

Fishtrap.

Elevation 2,282 feet.

St. Paul 1.536 miles.

glacial

found

origin. When examined closely they are

material

by ice. The peculiar hummoelcy form

due to the softness and fineness of the material composing them and

to the peculiarities of erosion ui a semiarid climate. Few if any

watercourses

pattern or arrangement.

gular

llies

mounds
are estabhshed, and the development of such gullies tends to produce

rather than low continuous ridges, such as

would be produced in similar material in more humid regions.

As the material composing these hills is fine and evenly bedded,

it was probablv deposited in a body of standing water, and as its

age, so far as the evidence has been obtained, corresponds in a gen-

im
formation. The bulk of

great

the vicinity of the Cascade Mountai:

was carried as far east as Fishtrap.

basalt in a thin sheet, which has hei

lated outliers like those described above.

, and

This

the finer material

1

milenost 123 there is some rough country

small
In a more

most of the sharp

oflf and the slopes would be gentle and regular but m a semiarid

country each remnant of a lava sheet or other hard bed of roclc s ands

up sharp and distmct as steps on the hillside or as isolated tables or

mesas on a small scale^_Thus^ sheets of lava were not swept away

. , , , X • A • j.i.« -miTirl^? nf ^T-nin itfl moviiis vislSS, wiietner tne\ were
considerable uncertainty m the mmas oi

whether these bowlders were brought di-

geologists as to Avhether there has ever

been an incursion of the northern glaciers

into this region. The fact which leads to

the belief that ice once occupied this

country is the presence, far southwest of

Spokane, of bowlders of granite and quart-

zite 12 to 20 inches in diameter. These

bowlders are not numerous, but occasion-

ally the traveler, if his sight is sufficiently

acute, may catch glimpses of them, even

from the swiftly mo\-ing train. Generally

the presence of such bowlders Is taken as

a certain indication of the former occu-

pation of the country by ice, but it has

««*. ,.«* V « «^+4a^nf^fnrnv determined

moving

floated along on cakes of ice in a large

lake, or whether they were simply washed

out over this plain from the ice front when

it wa^ in the vicinity of Spokane. If the

bowlders here were as numerous and as

lar-e as the bowlder? in Xorth Dakota west

Missouri
trans-

Wajshingt

Liun

country

naturally arisea

whether mo^-ing ice was the vehicle by

which they were transported to their pres-

ent resting places.
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Sprague.

Elevation 1,906 feet.

Population 1,110.

St. Paul 1,546 niile!^.

layer by layer, as one pixels an onion^ but were cut through in many
places, leaving rugged remnants here and there that make a distinct

type of badland topography.

The railway descends into a pronounced valley and reaches the

town of S2)rague, named for Gen, J. W. Sprague,

a former manager of the Pacific coast division. Rail-

way shops formerly here have been removed and the

town is now dependent on the dry farming of the

adjacent uplands.

The train runs down the valley and at a distance of 3 miles from
Sprague comes to the upper end of ColviUe Lake. This strip of

water adds a pleasing variety to an otherwise rather monotonous
landscape, but it lacks the picturesque setting of trees and mountains

that give to the lakes farther east their charm and beaut}^ The
railway curves in and out around the projecting spurs of basalt on
the west shore to a point near the outlet of the lake and there turns

more to the west and crosses the basaltic plateau.

Many bowlders of foreign material such as granite and quartzite

may be observed near the south end of the lake and alongj the line

westward at least as far as milepost 138, but it is doubtful if any can
be found beyond that point.

Ritzville, the largest toAvn between Spokane and Pasco, is the center

This is a part of the great wheat beltof a rich agricultural district.

r»:rJtzviUe.

Eleration 1,822 feet.

Population 1,85S.

St. Paul 1,570 miles.

of easteiTi Washington that has been so wonderfully
developed by dry-farming methods. About a mile

beyond RitzviUe a branch line turning to the right

(west) and known as the EUensburg cut-off has been
gi-aded and is said to be ready for the rails. When

this hue is completed it will not only open up a large area of farming
land but also give a Ime to EUensburg, west of Columbia River, 100
miles shorter than the present route.

^

*Tlie traveler may wonder why the
Northern Pacific, having Puget Sound
as its objective point, should bend so far

to the south after leaving Spokane and
then turn to the north after crossing Co-

lumbia River at Pasco. The first inten-

tion of the company was to build a line

to Portland down Columbia "River, as

well as a line to Puget Sound across the
Cascade Mountains, and a coast line con-
necting Portland and Puget Sound. At
the time it was decided to recommence
construction, in 1879, the Oregon Rail-
way & Na%-i^tion Co. had built a line controlling reason for swinging the line
from Portland up the south bank of Co- sofarto the south was to make the connec-
lumbia River to Wallula, at the mouth of tion with the Oregon Railway & NaWga-

Walla Walla River. In order to hasten

construction of the main line of the

Northern Pacific it was decided to utilize

this line for the transportation of material

for that part of the through line which
lies east of Pasco and to postpone for a
time the construction of the line along

the north baiik of Columbia River and
that across the Cascade ilouutains. Im-
mediately after the main line was com-
pleted, in 1883, the construction of the

across

Yakima The
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Bej-ond Ritzville are the stations Essig (see sheet 23, p. 168), Paha,
interest

Lind.

Elevation 1,364 feet.

Population 831.

St. Paul 1,5S7 miles.

valley at milopost 164, the main hne of the Chicago,
Mn^\

This road diverges from the main line of the Northern
Pacific at De Smet, a short distance west of Missoula,

and crosses the Coeur d^Vlene Mountains by a more
direct route than that of the Northern Pacific by Pend Oreille Lnke.

the valley

Northern ]

substantial steol and concrete viaduct. Below the

txUey

crossmg the

In ascending this ridge it is interesting to note that

the slope beyond the creek so as to pass into another vallcv drainii

to the south.

in a number of cuts where the rocks are well exposed the basalt is

overlain by white silt or clay and fine sand that covers the entire

hillside and conceals every irregularity of the hard rock beneath.

This material has been taken as indicating the presence of a lake m
glacial time, similar to glacial Lake Missoula^ but the absence of

lines of stratification (bedding) shows that the material has had a

The question of the origm is bound up in thedifi'ercnt origm.

history
f

'

o summit at Providence the railway begin

s eventually into the

Providence*

Elevation 1,549 feet.

St. Paul 1,595 miles.

the upland.

plain above Pasco. This is one

inPT stretches, so far as scenerv is concerned

all

train 6
alley is carved in basalt^ which shows in

with the white loess man

tion Co.'s railroad, aa stated above, but

tliere were other reasons, such as the

possibilities of obtaining large traffic in

the Yakima Valley and the fact that any
crossing of Columbia River above Pasco

involved much heavier grades and more

expensive construction than the present

The construction of the line bycrossmg.

Co., a corporation owned jointly by the

Northern Pacific and the Great Northern

companies.
^ The Tertiary history- of Oregon and

Washington begins before there was a

Cascade Range, at a time when the terri-

tory now occupied by that range, as well

as mu ch of the region lying to the east , was

the Northern Pacific along the north a lowland

bank of Columbia River was delayed so

long that Congress declared a forfeiture of

that portion of its charter and of the ac-

companying land grant, and it was not

imtil 1908 that a railroad was constructed

along the north bank of the Columbia by

tended for long distances from the coast,

while to the east were fresh-water lakes.

In these shallow waters and on the low

land near them was laid down a thick

and

the Spokane, Portland & Seattle Railway mations, of Eocene (Tertiary)

known aa the Swank and
The
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- Near milepost 192 a branch line of the road enters the valley from
the right and gradually descends along the valley wall. This branch

unites with the main line at Connell and serves to

connect this place with Coulee City and the Big Bend
country to the north.

Below Connell the valley walls grow more rugged,
and at Cactus siding (milepost 200) a very prominent

wall of lava is seen on both sides of the valley, but more particularly^ n

b̂ia River. Each one represents a dis-

Connell.

Elevation 845 feet.

PopuIatioa778.*

St. Paul 1,615 miles.

intemi

by a flow o£ basaltic lava which was the

beginning of a great series of flows that

im
the succeeding Miocene epoch.

Sheet after sheet of basaltic lava was
poured out over a territory 250,000 square
miles in extent that included the greater

part of Washington, all of eastern Oregon,
part of California, and a large area in the
Snake River valley of Idaho. (See map
of Columbia River plateau on sheet 23.)

It is probable, however, that the erup-
tions in the Washington area began at a

somewhat earlier date than those of the
Snake River plains of Idaho, which seem
to have been in part contemporaneous
with the last flows that occurred along
Columbia River.

It is a generally accepted view that
the molten rock was forced up through
great cracks or fissures in the crtist of
the earth. This conclusion is based
mainly on the following evidence; (1)
The volume and extent of the lava
floods are so enormous that it ia difficult
to conceive of their eruption from ordi-
nary- craters; (2) the rarity of the frag-
mental materials known as tiiff« •h^o^^;^.

indicates

sures

acteri?tic of crater eruptions; (3) old fis-

through which the floods of lava
came forth have been discovered—fissures
now filled with the cooled and hardened
basalt in observable connection with over-
lying sheets of lava.

The basalt was not poured forth in one
great outburst, but is made up of a great
number of layers or individual flows
which in places are thousands of feet in
aggregate thickness. About 20 such flows
are exposed in some of the bluffs of Colum-

outpouring

-im^

of which must have endured for centuries,

for they are marked by beds of soil in

which trees grew to considerable size

before being charred and buried by later

flows. The eruptions of lava, especially
in the later stages of activity, were sepa-
rated also by periods in which other
materials accumulated, consisting of vol-

canic avsh and beds of sand, clay, and
gravel laid down in lakes or rivers.

In addition to the massive flows that

constitute the greater part of the forma-
tion there are beds of fragmental volcanic
material, such as bombs and smaller an-

gular fragments of lava. Such materials

have either been thrown up to great

heights and rained down upon the sur-

rounding country, or, mixed with hot

water, have flowed over the surface as

mud. The fragmental materials are not
so widely distributed as the massive flows.

The quantity of material poured out
during this period was enormous. The
greatest thickness of the lava and asso-

ciated deposits is not lees than 4,000 feet,

but if it averages only 500 feet thick over

the entire area, seemingly a very moderate
estimate, it would make a mass of 24,000

cubic miles, or a cube nearly 30 miles in

height. Even this great volume may be
far less than that actually poured out.

Coincident with the later stages of the
lava eruptions occurred a subsidence of

the areaeaat of the present Cascade Range,
and a large lake was formed, in which ac-

cumulated material derived from the land

on the west. Before the basaltic

eruptions had ceaeed a great volcanic dis-

turbance occurred in the Cascade region

and lava of another kind (andesite) waa
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.1. WHITE BLUFF OF THE COLUMBIA, 20 MILES ABOVE PASCO, WASH.

Corrposed o' white volcanic ash (E'lensburg formation). Man on horseback on top of bluff indicates size of

bluff.

>
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£. COLUMNAR LAVA AT CACTUS SIDING, 5 MILES SOUTH OF CONNELL. WASH.

On cooling the lava has ioim^d columns or prisms which in places are remarkably regular. The columns star.d

at right angles to the cooling surface of the flow.
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MOUNT ADAMS. AS SEEN FROM THE NORTHERN PACIFIC TRAINS NEAR TOPPENISH, WASH.

Cold and severe, the volcanic cone stands above the broad platform of the Cascade Range, which is an older feature. Photograph copyrighted by Curtis Si Miller, Seattle, Wash
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on the riglit (west).

Mesa.

Elevation 687 feet.

Population 366,*

St. Paul 1,G25 miles

This chff is about 150 feet high and in the lower

part shows beautiful columnar structure (see PJ.

XXII; 5), but the columns are small, and they may
not be visible from the train. The ruirned walls con-

tinue as far as Mesa, but beyond that station the val-

ley opens and the walls are lower and have lost much
of their rugged character.

poured forth. The eruptions were accom-

panied by explosions, which produced
lai^e quantities of tuff, volcanic ash, and
pumice. While the volcanic eruptions

were in progress, the rocks of the Cascade

region were folded and crushed and some-

what uplifted, and the streams, made more

powerful by the increase in grade due to

the uplift, carried vast quantities of the

andesitic material eastward to the lake

basin previouvsly described. In thisbody
of fresh water the waste material was de-

posited as mud, sand, or gravel, together

with some sheets of basaltic lava that

apparently marked the last expiring gasp

of the giant forces which had previously

poured forth such irresistible floods of this

materiaL the Yakima \

west.

forms

sdingly

River some distance above Pasco (PI.

XXII, A) and the isolated hilla at Fish-

trap.

Up to the close of the lake period of cen-

tral AVashington the Cascade Eange, as it

is known to-day, did not exist. During

the deposition of the Ellensbiu-g formation

the area now occupied by the range was

being worn down by streams, and finally

it reached that state of low relief that is

called a peneplain. Its surface was then

not very far above sea level and it bore

little resemblance to the region as it is

known

uplift of the Cascade "Range

closincf event in the Tertiary

thus laid down have been named the

Ellensburg formation. Here the sedi-

ments are coarse, indicating nearness to

the margin of the lake and to the source of

^PPly? b^t farther out in the basin, ac-
r

cording to I. C. Russell, the material

deposited in this lake is lai^ely white silt,

composed chiefly of volcanic dust and ash
|

that were blown out of the new set of

volcanoes which then were active to the

history or the opening chapter in the Qua-

ternary. These mountains were not

formed bv a volcanic outburst, although

occurrence

:his

a gradual uplift of this part of the earth's

crust, which produced a great arched pla-

teau about 5,000 feet above sea level.

tirely

this

formed

forth lava and volcanic ash, and large

cones were bidlt upon the surface of the

deeply eroded plateau. These are the

great conical peaks which are such ma-

jestic featmes of the Cascade Range,

The next great epoch in the geologic

history of this region was that of glacia-

tion, when great ice sheets came down

from the north and also from the local

mountains. The plain of the Columbia

ne from

the northeast by way of Spokane, and the

other coming down the valley of Okan-

ogan (o-kan-og^an) River and then acro^

masse

.mm
this

coiirse

lee City, but on the retreat of the ice it

resumed its original channel. The great

cold of the glacial epoch left large parts of

this r^on without a cover of vegetation,

and much of the soft material laid down

in the lake previously described was

whirled

east

entire As

winds which transported the dust were

not markedly periodic and as the fine ma-

terial settled particle by particle like

snow, the deposits are homogeneous and

not marked by lines of stratification.

Such, therefore, seems to have been the

mode of oridn and the manner of distri-

eneraUv called

•eoloscists
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If it is a liot Jay in midsuininer when the traveler passes dowai the

ulee, he may wonder whether the great flows of basalt are not still

hoatnig the surface. The plain of the Columbia,

which ho is rapidly approaching, has a reputation for

great heat in the summer, but as it does not show a

correspondhig higli temperature in the other parts of

the year it seems obvious that the great heat is caused
by the configuration of llie mountains and their effect on the move-
ment of the atmospheric currents.

South of Eltopia (see sheet 24, p. 172) the canyon followed by the

Eltopia.

Elevation 59S feet.

Population 252.*

St. Paul 1,634 miles.

ecomes shauowor and fin

moreColumbia River. The lava underlies the plain but dips

toward the south than the slope of the surface, and at Pasco, as shown
by drill records, it lies more than 200 feet below rive This

back from the river

a sagebrush desert.

formation)

interrupt

^ i. } -- — o
In places the regular surface of the plain is

Columbia The traveler may wonder what can

many
places water can be procured by digging and that the soil stores up
enough moisture to raise fair crops when properly cultivated. The
chmate of the region is semiarid, the precipitation bein^ from 6 to 12
inches a vcar. Th^ tiMnnpmfnrp r«Tifrnc! ^^r.^-x o minimum

winter

terminal

town

Pasco.

EleVBtion 389 feet.

Population 2,083.

St. Paul l,6ol miles.

t?

&
rounding countiy.

Immediately after leavin

s of the town are m
agebrush of the sur-

to

am
Columbia great a

^ One of the most interesting parts of
the history of the exploration of the north-
western part of the United States ia the
Btory of the discovery of the mouth of the
Columbia, or rather of thf» fnibiro fr. ^^a

sailed
the weatern shore for the very purpose of
discovery.

In 1788 an English captain discovered
and named Cape Disappointment, just
to the north of the river's mouth, without
recofrmzmnr

mouth of the greatest river on the coast.

tradins'

Washington and the Columbia, under the

command of Capt, Robert Gray, visited

the coast for a cargo of furs. Gray thought
he saw indications of the mouth of a large

river in latitude 46° 10' but did not stop

to investigate, and after completing a

voyage around the world his vessel, the

Columhia, was again dispatched to the

Pacific coast in 1791. He spent the win-
ter at Nootka Sound, on Vancouver Island,

and in the spring cruised south from the

Strait of Fuca in search of the river

which he thought he saw three years

before. On his way he met the English
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^

river that is fed from the melting snows on the mountains of most of

the northwestern part of this country and a large part of the mountain
region of Canada.

Although the Northern Pacific crosses Columbia River only a few
miles above the mouth of Snake River, the junction of these two
streams can not be readily seen from the train, but the Oregon-
Washington Railroad & Navigation Co/s bridge which crosses just

below the Snake is clearly visible. Wlien the traveler reaches this

oumev he has been out of St. Paid 48
or 50 hours, but when Lewis and CLark camped at the mouth of the
Snake in October, 1805, they had been gone from St. Louis IS months.

time

most

journal

they expected to do when they returned to the United States.

Columb
ennethe Yakima (yak'i-ma), which entei

wick, was David Thompson^ who made a trip down the river from

m
passing Kenncwick, a tliriving town grown up in the

center of a rich irrigated district on the south side of

the river, the train crosses a branch line of the

Oregon-Washington Railroad & Navigation Co. that

runs up the valley of Yakima River as far as North

Yakima,
After the dull, monotonous sagebrush plain above Pasco, the

orchards and fields of green alfalfa are a pleasing sight. The fieh

Kennewick.

Elevation 372 feet.

Population 1,219.

St. Paul 1,654 miles.

Vista.

Elevation 576 feet.

St. TauU,659 miles.

first

high state of cultivation.

irrigated

running

expedition under Capt. Vancouver going

north to explore Puget Sound. Gray in-

formed the commander of one of these

vessels of hid belief that a large river

Carver to the river in 1778, wsls employed,

it \ras soon abandoned and Cohimbia

came into general use.

Gray's discovery and the careful and

entered the ocean near latitude 46°, but
|
accurate entry in his log book of the cir-

cumstances connected "with it were

largely instrumental in later deciding in

favor of the United States the controversy

with Great Britain over the ownershij) of

Oregon Territory. Gray's services to his

country are commemorated by the names

of Grays Bay and Grays Point, on the

river nearly opposite Astoria, and of

Grays Harbor, a commodious bay on the

Washington coast farther north.

aa the English captain had just passed

that point in clear weather and had seen

no indication of a river he gave no cre-

dence to Gray's report.

Gray persisted in his search and was
rewarded by finding the river's mouth as

he had expected and by sailing over the

bar on May 11, 1792. Gray named the

river after his ship, and although for a

time the name Oregon, given by Jonathan
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Altliou

valley of Yakima River, it does not adhere closely to that stream,
imtrj

treiiie.

'untry-

Along

Yakima
sagebrush plain just as extensive and just as desolate as the one here
traversed. Water is the wizard that has transformed this desert
into a land of blossoms, and as time goes on more and more of the
waste places of the earth will be redeemed in this manner.
Not only is the surface of the country from Vista to Kiona monot-

mterestin

monotonous A;

explained on page 165, the rocks in this part of the valley consist of

'med Irom

(h
that covered most of the country. The lava was not poured out in
a single flow, but the entire region is underlain by a succession of
lava sheets. The shale and sandstone are soft and in only a few
places show at the surface, but the outcrops of the sheets of basalt

marked by dark ledges along the hill slopes and the streams of
rock fragments that descend from them.

art'

Kion
Kiona.

Eleration 525 feet

Population 291*
St. Paul 1.675 mil

and just after passing the station the traveler can

cultivated farms

'Wn the vallev, which includes

Wash

all irrigation ceases.

Kiona

rue^src

a good view of which can be
obtained from milepost 31

by looking back from the rear

of the train, ] rora

of vantage it will be seen that

riGURE 35.—Section of Yakima Valley east
Wash., a valley within a valley.

smooth
regular^ sloping gently from
the tops of the ridges to the

consistuiP"

alley

inner
o

The shape of the valley is represented by the accompany-
ing aiagram (fior- 35), in

inner valley arp
UsuaUy such an arrangement is considered as indicative of two
periods of vaUey cuttmg under somewhat different conditions, but
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here forms

a determination possible. There is so great a difference in the hard-

^vith

inner Yalley may
different

About Prosser there is a large area of hmd imder irrigation and in

a high state of cultivation.

Prosser.

Elevation 671 feet.

Population 1,29S.

St. Paul 1.691 miles

It is a pleasing change from the dark

or dull-gi'ay color of the baiTen areas to the brilliant

green of the fields of alfalfa^ grass, or oats; from the

ebrush thestunted vegetation of the saj

thrivmg orchards which stretch away in the distance
L

almost as far as the ejQ can see. It is no less pleasing

'om

running water is seen m every

irri

.ce for it to become dry and parched.^

some distance back from the river thi'

to

Byron.

Elevation 702 feet.

St. Paul 1,696 miles.

This terrace is

111 nmnber

Mabton.

Klevation 725 feet.

Population 666.

St. Paul 1,703 miles.

are not as strildng obje<

penishj farther northwest.

.t gradually climbs to a terrace whi(

left about a mile beyond Byron,

doubtless built of the soft material washed into the

valley by the streams, but the amount of such mate-

rial is variable; as the basalt appears at railway level

places. On a clear day the high peaks of the Cascade

RangC; 100 miles away, can be seen from the vicinity

of Pasco, but the distance is so great that at first

sight the traveler may be disappointed in them. A
better view can be obtained near milepost 58, 6 miles

beyond Mabton, but even from this place the peaks

' objects as they are from the region about Top-

'Washington's vale of

^ The Yakima Valley has been aptly

characterized aa

plenty.'' It is a region of small farms

intensively cultivated and contains some

of the most valuable agricultural lands in

the world. Its farm homes are attractive,

and in variety of crops and profitable

yields it ranks favorably with southern

California. A number of lakes on the

headwaters of tlie streams of the Yakima
drainage basin are being converted into

storage ^eser^'oir3, and it is estimated that

when the work is completed the water

eupply will be sufficient to irrigate about

oOO,0*}0 acres. The land lies in a suc-

cession of valleys, and its reclamation will

be accomplished by units. At the pres-

ent time two units are practically com-

pleted—the Tieton, embracing approxi-

mately 34,700 acres near North Yakima,

and the Sunnyside, covering about

lOOjOOO acres some 6 miles below.

This valley is the home of the big red

apple, and its fruit lands range in value

from $300 to $1,200 an acre. The soil

consists of volcanic ash and gi^aveL Hop

and vegetable growers vie with the neigh-

boring fruit growers, and forage crops and

dairying are also very profitable. The cost

of water right on the Sunnyside unit is $52

an acre, and on the Tieton unit $93 an

The Government land has all beenacre.

upon
owners
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After

Alfalfa the traveler can get a full view of Mount Adams

Alfalfa.

Elevation 723 feet.

Population 81 *

St. Paul 1,717 mi]<*s.

the west. Althoug
distant, its great heiglit (12,307 feet above sea level)
m XXIII To

mairni
tant mountains, the first view of Mount Adams may be

omtmg; but after watching: it for some tim

•server

Bs more aj

mountain
seems m

and aloof from all surroundings! Long ago it was an active volcano
emitting molten lava, but its activity ceased, and for unknown ages

the cold, cahn, rugged peak it is to-day.mountam
Just beyond Mount Adams and from many points
it is Mount St. Helens, which within the memory of the white man
has showed signs of volcanic activity. It is apparent that the vol-
canoes of the Cascade Range, while possibly extmct, have not been

gre That
indicated by the recent outburst of Lassen Peak, m California,
which stands along the same line Mount

ams remains

Toppenish.

Elevation 765 feet.

Population 1,598.

St. Paul 1,721 miles.

Although

^ „^v,^ ^^^^^j i^j.j_nj. uixc; V icvY '

off by the Atanum Ridge, north of Parker.
the country about Toppenish hes withm the Yakuna
Indian Reservation, it is well watered by ditches that
receive their supply from the river in th« virinitv nf
the next ridge, which^, , - . ,;"^" "^^^^ ^^^^S«; waicn can De seen in the distance,

ihe land is wel cultivated, though not so hitensively as that covered
Suimyside reclamation

^
While enjoying the beautiful" spectacle" oFMount ams

and no cloud banners inteiwene, he may

the

atmos

enough to catch a view of the summit of Mount Rainier (Tacoma),

the region was aul)ject to the action of

the elements, and the rain and streams
reduced the surface to a nearly uniform
plain only a Blight distance above sea

level. From this plain the present Cas-

cade Range was formed by a gradual up-
lift of the surface along the axis of the
mountains. This upward movement con-
tinued until the surface was raised to a
heiglit of 4,000 feet above sea level in the
south and about 8,000 feet in the north,

^ '
The view from Alfalfa or Toppenish

gives to the traveler an. excellent Idea of
the height and character of the Cascade
Range and of the volcanic cones which
project above ita apparently even crest
line. In order, however, to understand
fully the relations of these cones and the
character of topography of the platform
upon which they are huilt, it is necessarj-
to know something of the geologic hiatory
of the range and of the conditiona which
have tended to produce its present form.

After tlie great lava sheets were spread
out and somewhat deformed by folding,

ma carv'J "^ ^ ^^ TTl P _i ^-&^ ^J L-> t J J- VJt^ till" ^^_^^^^ W ^^

deep^ channels or canyons, almost de-

stroying the plateau and leaving only the
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14,408 feet iii altitude, the highest peak of the Cascade Range, but

6
mountain

him little idea of the magnitude
to

The great sheets of basalt that underlie the Yakima Valley are in

thrown in

Wapato.
in

Elevation 8t>5feet,

Population 400.

St. Paull, 729 miles.

the folds trend at right angles to that direction, or

east As
hard basalt, they make ridges or mouixtams across

the country, the length of the ridge depending on the
the extent of the fold. The big ridge lying to the south of the rail-

way from Kemiew ick to Mabton is supposed to be of this character,
although its structure has not been accurately dctermhied. Tliis

broad upland, from its original cover of abundant nnd nutritious
bunch grass known as Horse Hea\

am

211. The next ridges to the
north are Toppenish Ridge west of the river and Snipes Mountain on
the east. These appear to be parts of one general line of disturbance
but are separate folds. In Snipes Moun
the basalt is scarce!v visible under the cover of the EUensburcr
formation.

The next anticline to the north, which lies north of Toppenish, is

known west of the river as Atanum Eidge and east of the river as

Rattlesnake Ridge. The Yakima has made a deep,

narrow cut, called Union Gap, through this ridge

north of Parker. At the south entrance to the gap
the Northern Pacific crosses the North Yakima

Parker.

Elevation 930 leet.

Population 823 *

St. Paull,733 miles.

branch of the

mile in le]

W Railroad. The
&

entrance dip toward the south at an angle of about 20°. The oppo-
site dip on the north side of the fold is not so apparent, for it is

some
turned

high eiimmits to mark its once even sur-

face. When seen from a distant point,

as from Toppenish, the tops fall into line

and have the appearance of an unbroken
upland mass.

At the same time that the streams were
en^^ageil m trenching theC3^5^M xii iitJiicLiiug Lilt; mountains,
vents were formed here and there alon<r

the range through which ash and lava

reached the surface and were deposited
on the platform of the range. As lava
flow succeeded la\'a flow, and showers of

ash fell upon the area surrounding the

^-ent, a cone was gradually built up,

forming the present high peaks. These

volcanic cones between Canada and Co-

lumbia Kiver are Mount Baker, Glacier

Peak, Mount Rainier (Tacoma), Mount-

Adams, and Mount St. Helena.

The view from Alfalfa or Toppenish

shows clearly that Mount Adams rests on

the platform called the Cascade Range,

but that it is not really a part of that

range, but rather an excrescence upon the

apparently rounded
J
tree-covered surface

of the plateau.
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In a region in whicli the annual precipitation is so small (8.9
inclies) as it is in the Yakima Valley the quantity of water flowing
in the streams and available for irrio^ation is of the utmost imnortanofi

ermme
maintained for a number

a gaging station in Union Gap, but for the last sLx years the station
WapatO; a few miles By means of a

small car swmgmg trom a steel cable the engineer is able to measure
velocity of the current at a

from these measurements measurements
volume

•ment
North of Union Gap the valley broadens into a parklike country,

all of which is under irrigation and highly cultivated, except near

The original Yakimathe river, where the land is excessively wet. „
City was situated just above Union Gap, and the station, the only

on the site, can be seen near milepost 86
remammg structure

town
was

miles

station, called North Yakima,
he old one. With tlie prrowth

wn of North Yakima the older settlement

to Washin
•mmercial and social center of the Yakim

to

North Yakima.

Elevation 1,078 feet.

Population 14,ns2.

St. Paul 1,741 miles.

largest areas of irrigated land in the West and one
that is noted the world over for the fine fruit which it

produces. The valley, although scmiarid,^ is well
supplied mth water from Yakima Eiver and its tribu-

hich head in thp Cfi<^onf]pi

Range, where the snowfall is abundant. Fruit

indicatmg that the farmers
d fields of s:rain. alf

^ A gaging station has been maintained
in this vicinity since November, 1896.
It Phows a mean annual flow of 4,640
second-feet (a second-foot means 1 cubic
foot per second), which equals 3,360,000
acre-feet (an acre-foot is 43,560 cubic
feet, or the quantity required to cover 1
acre to the depth of 1 foot).

About 1,500 river-measuring stations
simihir to the one at rnion Gap are now

portance in developing the Avater re-
sources of the country and are used in
designing and operating power and irri-

!rw

works whose establishment and success-
ful operation depend on a knowledge of
the quantity of water flowing in surface
streams.

' According to the United Statescumiuir lo tne one at L men Gap are now Weather TlnrP^T, f\.^ ^ i
maiTifiino/? K^r *T, T- -^ J of \^ reamer ±5ureau, the mean annual pre-maintained by the Inited States Geo- clpitation in fh. V.v;^. ir.n.,. Lr^
logical Survey on the more important
streams in the United States and in the
Hawaiian Islands. The data collected
at these gaging stations are of prime im^

clpitation in the Yakima Valley from
1893 to 1903 was 8.9 inches, di\'ided as

inches;
2follows: Winter, 4 inches; spring,

0.7 inch: aulumn.summ
2.2 inches.
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A, YAKIMA CANYON, WASH.

The hard basalt rapidly breaks down ur^der the influence of the weather, and the broken fragments largely

conceal the un^derlying rocks.

B . COLUMNAR ANDESITE NEAR YAKIMA CANYON. WASH.
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The heavy fortst covers^ the mountain slopes down to the water's edge.
\
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so tliat in case of an oversupply of one tliey will have another to fall

hack upon.

The volcanic rocks that border the Naches Vallcj^ and extend within

a few miles of North Yakima furnish an interesth

recent lava flow. hunimo
Naches River and Cowiche Creek, although m places covered by sage-

exhibits

many
coolin (Sec ri.

XXI\
North of North Yakima the railway crosses Naches River and then

throue^h Yakim
of basalt, which have here, as in the other ridges to the south, been

anticline

:iiiL^ After haA ing traveled up Ya'

River for nearly 100 miles and passed

through a number of basalt ridges, the

traveler may be surprised at the apparent

disregard of the stream for the ridges and

valleys. As stated previously, the prin-

cipal arches and troughs into %vhich the

rocks have been bent trend in a nearly

duced. After the streams were well es-

cour»efl

J
streams

lowed similar coiu-ses they would encoun-

ter little difficulty in reaching their des-

tinations. following

synclinal valleys Yakima River flows

almost due south and crosses in this part

of its coiu^e no less than seven ridges of

arched or upturned basalt. 'V\Tiat made
the stream select its present course, and

why did it persist in this com^e across the

arches of hard rock when it might have

foimd an outlet to the Columbia on the

east by an open synclinal valley?

In order to answer this question it will

be necessary to go back in imagination to

a time before the ridges were formed, when
the EUensburg formation (sand, gravel,

and volcanic ash) was laid down in a shal-

low lake on the Yakima basalt. Finally

the lake was filled or there was an uplift

of the region which changed it to a land

area. Over this newly made land streams

flowed down the slope on their way to

the sea. In this epoch Yakima and

Columbia rivers were formed, before the

great arches in the rocka had been pro-

they follow to-day, a great north-south

pressure ^Tinkled the rocks into a series

of broad, shallow troughs and rather short

arches. Many persons think of such a

movement as having occurred suddenly

and as ha^'ing crumpled the rocky layers

as leaves of paper may be crumpled in the

hand. If the movement had been eud-

flowin

TTiTn i

of the arches crossed its pathway, and

Yakima River, instead of flowing as it

does to-day, would have been broken into

a number of separate streams, each of

which would probably have found an out-

let to the east into Columbia River. As

this did not happen, it seems evident that

the movement was not rapid, but was so

slow that the stream cut the rock away as

fast as it was forced up. X^ the down-

ward cutting of a stream in hard rocks is

done very slowly, it follows that the arch-

ing of the strata must also have been a

very slow process, probably occup}'ing

thousands of years. Although the move-

ment was slow, it persisted until some of

the arches attained an altitude of 2,000 or

aintained

course and now presents

anomalous feature cuttm

through ridge after ridge, disregarding the

topography of the region.
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The canyon is short and north of the ridgo lies Selah Valloy, one

of the prettiest valleys in this part of the country. The land is rolling

or even hilly along the sides of the valley, but water

is carried in a liigh-hne canal, so that all the hills andSelah.

Elevation 1,108 feet, slopes below it are highly cultivated, an/i orchards

sr.^Pauii"744niiios. extend as far as the eye can see. The basalt dips

under the valley, but a little farther north it rises

above water level, and the river has cut a sharp canyon with vertical

walls from 50 to 70 feet high. The main canyon, which begins near

milepost 99 (see PL XXIV, A) is cut through three separate but

parallel ridges of basalt, each of which was produced by a low up-

arching of the lava, as shown in figure 36. At the entrance to the

deeper part of the canyon the great sheets of lava, each representing

an individual flow, rise more steeply toward the north, their dip

(20° or 25°) correspondmg in a general way with the south slope of

the ridge. The walls of the canyon increase in height until at mile-

post 103, where the railway crosses the river, they are nearly 2,000

feet high. Here the rocks are about horizontal, indicating that this

FiGtmE 36. southeast

middle (axis) of the

directions. North of the axis the layers of basalt dip 30"" or 35° to

the north.

continues to Roza, near milepost

m
depression or trough between the ridges. Toward the east the ridge

south of Roza extends for a long distance, but in the other direction

it dies down rapidly, and in a distance of 5 or 6 miles has disappeared-
Beyond Roza the beds of lava rise northward about 30° up the slope

Umptanum
&

Roza.
south of Roza, The axis of the fold is reached about
milepost 109, and beyond this point the beds can be

Elevation 1,258 feet, g^en to bend ovcr in a great arch; but the traveler is

so close to the rocky wall that it is impossible for him
to obtain a satisfactory idea of the size or shan^ nf ihi^ fold until he
has prone some distance nasf it_ A t

mH

Wymer siding, betweenm
110 and 111, a good view of the fold on the east side of the river can
be obtained by lookuig directly back from the rear of the train.

(See fig. 360 From this point the fold is seen to be unsymmetrical,
with the steepest dips on the north side*



BULLETIN 611 SHEET No. 25

GEOLOGIC AND TOPOGRAPHIC MAP
.OF THE

NORTHERN PACIFIC ROUTE
From St. Paul, Minnesota, to Seattle, Washington

Base compiled from United States Geological Survey Atlas

Sheets, from railroad alignments and profiles supplied by
the Northern Pacific Railway Comipany and from additional

information collected with the assistance of this company

UNITED STATES GEOLOGICAL S-URVEY
GEORGE OTIS SMITH. DIRECTOR

David White, Chief Geologist R. E. Marshall. Chief Geographer

1915

Each quddrangle sfiown on the map with a name in parenthesis in the

tower left corner is mapped in detail on the U. S. G. S. Topographic

Sheet of that name.



THE :northeen pacific eoute. 177

All tli6 lava folds crossed so far in the Yakima Valley are either

steepest on the north side or overturned, like that of Atanum Ridge
at Union Gap. This overturning toward the north indicates that

when the folds were produced the thrust came from the south, and it

continued not only until the beds were arched but until the arch was
pushed over, so that the beds on the north side stand nearly vertical

or dip steeply toward the south. The northern limit of this fold is

marked by the valley of Umptanum Creek (see sheet 26, p. 1S6),

which enters the river near milepost 114.

North of Umptanum Creek lies Manastash Ridge, which, like the

others already crossed, is an arch in structure; but the fold is much
flatter than those down the river, and its shape is not apparent from

the train. The laj^ers of basalt rise gradually northward from the

mouth of Umptanum Creekj and they appear to be nearly horizontal

in the great Beavertail Bend between mileposts 115 and 118. The
axis of the fold is more than a mite north of this bend and not far

from milepost 120, where the railway again crosses to the east side

of Yakima River. From this crossing the layers of rock descend

rapidly northward, and the great sheets of basalt that form the walls

of the canyon for more than 20 miles dip below water level and the

train emerges upon another broad flat that seems to be even more

extensive than the one at North Yakima. This also is mostly under

cultivation, and the view on the right as the train leaves the canyon

looks

wide

lines

Thrall.

Although much hard rock is exposed hi the Yalvima Valley stone

suitable for building material is very scarce. The basalt is a lasting

material, but its dark color renders it unsuitable for

buildings and it is used only for foundations and

sSItS f^i" i*^^^ m^t^^- ^^^ t^^ letter use it is admirably

adapted. On the north slope of Manastash Ridge,

about 2 miles east of Thrall, the sandstone of the EUonsburg forma-

tion has been hardened by the pressure that arched and overturned

the basalt so as to make it a very good building stone, and it has

bur:

m
broad Kittitas Valley, wliich stretches far to the

Eliensburg. ^ast fxlon^ Manastash Ridge. It is served not only

Elevation 1.51S feet, by the Northern Pacific but also by the Chicago,

Sl^nrrr^'Ses, Milwaukee & St. Paul Raihvay, which gives it an

advantage over most of the other towns of the

Valley. Owing to the altitude, the land is much better.ma

05558^—BuU. Gil—15 12
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suited to the raising of hay and to dairying than that of the lower
valley.

A little north of Ellensburg Mount Stuart, far to the north, stands
up as a narrow, jagged crest carrying much snow. This
not so imposing as that of Mount Adams seen from a poini

down the valley, but the summits here are much narro\\

that of Mount Adams and the mountain has a more rugged
The railway is bordered by broad meadows of timothy o
and by fields of oats or wheat that roll in sfreat billows ui

view

times sweeps dow^ the vallev from
mile from

, having crossed Columbia
from ConnelL

hich

milepost

posed of white clay (in most places volcanic ash), sand, and gravel.
This material is only partly consolidated, but it stands in steep
bluffs, as can be seen on the right. The material is so soft and the
slope so steep that in carrying water along the bluff to irrigate lands
lower dowTi the valley a timber flume had to be built along the
entire face of the bluff a distance of more than 2 miles. This
gives an idea of the elaborate and expensive work that must be
done in many localities in order to obtain the necessary water for
irrigation. Not only is the first cost of such a flume ^eat. but the

which
every jesiV.

Just after passing milepost 7 the train

small and then it

Thorp.
ttom, in

Elevation 1,647 feet. it rt?

St. Paul 1,785 miles. t>illn aS

stream

from side to side of its

flood plam. Near milepost 10 the railway again
Paul

which
ash curve
IS at track level, but it rises up the stream mth the soft, stratified

m
Ellensburg formation which rest upon it and which

Ihe canyons south of this place have been cut by Yakima
through low rolls or folds in the haKalt h^^h t.^^^ ^^ +1.^.^ -r^i.!

ufficient magnitude
have

forma
has been turned tip like the rim of a basin, and the ..^, .^

.
begms at Dudley, 10 miles above EUensburg, is the cut made
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by Yakima River through, the basalt of this rini. Figure 37 shows

filial

in the hilltops far above river level.

In some parts the canyon is bounded by rugged walls of basalt

makes it somewhat picturcsaue, but in

Bristol,

Elevation 1,803 foet.

St. Paul 1,794 miles.

to attract attention except the interesting geologic

section that is exposed here. In places the canyon

opens out and the sides are covered 'v\dth scattered

pine trees that are but the frmge of the great mantle

covers all of the Cascade Rantre excent the hi<?hest

Figure 37.—Section showing structure of Yakima basalt north of Ellensburg, Wash. The basalt rises

from a level below Yakima River near Dudley and is far above track level at Teanaway.

summits and that once extended unbroken to the shores of the

Pacific Ocean. niilepost

formation

its appearance in cuts along the St. Paul road, on the opposite shore

of the stream.

The traveler should be prepared to see Mount Stuart on the right

(north) as the train emerges from the canyon, for the view, if the

weather is clear, is superb and lasts for only a few minutes.^

The white sandstone of the RosIjti formation is visible in a low

bank on the right near the old station of Teanaway. It rises toward

^ Mount Stuart is the culminating peak
of a spur which extends east'svard from the

main crest of the Cascade Eange. The-

summit of the peak rises to an altitude of

9,470 feet, or 7,600 feet above the rail^ray broad and deep amphitheatera, in -w^hich

space is taken by the United States Geo-

logical Survey triangulation monument

which crowns its summit.

On the north side of ilount Stuart are

at Teanaway station. This granite peak,

with its deeply carved spires and crags,

more or less covered with enow throughout

the summer, is the most striking feature

in the varied scener}^ of the region; but
Its wildest and grandest scenerj^ lies hid-

den within its own fastnesses.

The southern face of the mountain is a

precipitous slope, rising 5,000 feet or more
above the creek which flows at its foot.

The lower part of this wall can be scaled

at several points, but by only one route

has the highest peak been attained by the

mountain climber. This peak is so acute

that the greater pai't of the available

lie small glaciers and glacial lakes, drain-

ing northward into Icicle Creek. The

glaciers immediately below the main

mn
only a few hundred yards across; yet

these exhibit most of the characteristic

features of larger ice streams.

It is apparent that Mount Stuart is

ama

seen

sists essentially of a gigantic cone resting

imoTi tTif> broad nlatform of the Cascade

-ang seen

Teanaway, is ruggec

consista of a serrate
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tlic north, like the formations observed in the canyon, and it forms
the southward-facing slope of the great ridge on the right. The red

rocks on the mountain side on the left are the Teanaway basalt,

which underlies the Roslyn formation and is of Eocene aerc. The
in this mountain

apparent.

Roslyn

formcrl\

down
kind

alum
beds, dins to the south with the same

and covers the entire hillside.

Clealum.

Elevation 1,920 feet.

Population 2,749.

St. Paul L802 miles.

from Some
coal is produced here, but most of it comes

the main line of the raiiwavmmes farther irom

From Clealum a branch line leads to the rie:

%/ •

Koslyn, where are situated the mines of the Northern Pac
also of companies that are minmg coal for sale. The Roslyn coal

most valuable m the State* It has made its reputa-

tion lai'gely because of the cleanness of the coal and its good quality

steam raisins: and for domestic The
uses the coal mined here for all its locomotives and stationary engines

the east. Clealum

tunnel on the west and
5 also been the supply

I is triets in central Wash
three

high point. The
the two peaks is due to differences in

materials and in mode of formation.

Mount Stuart consists of a great mass of

granite which long ago was forced up
through the rocks from below but prob-

ably never reached the surface. Before
Tertiary- time this ffreat mass, totrether

surrounding sedimentarj'

Igneous

possibly waa uncovered
and carv^ed into mountains, though

mine
)ugh

The
the country waa finally reduced to -a low-

mass
hardness

000 Late

Range
formed by a great uplift of the rocks, and
then the streams began their present work

cutting cany

mass
nacles and towers of the jagged crest of

Mount Stuart have been formed merely
by the removal of adjacent material.

, Thus while Mount Adams is a moun-
tain of construction, Mount Stuart is a

mountain of erosion. No better repre-

sentatives of the types could be found
than these two peakn of the Cascade

Range,

^ The coal-bearing rocks of the Roslyn
field lie in an open trough or sjTicline, the

axis of which extends in a northwesterly

with rallcys

of the region. The Roelyn formation,

which contains the coal beds, is about

3,000 feet thick, but the coal occurs in

the upper part alone, and for tliis reason

the coal beds are much less extensive than

the formation which carries them. So
far a 9 known they are restricted to an

area about 7 miles long by 3^ miles wide.
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w
cxtcnsivo

c»

less the outwash from the glacier that once occupied Cleahim Yalloy.

The road then bends sharply to the south around a naiTow pomt of

the terrace that has been protected from erosion by a projecting

boss of the Teanaway basalt. In the early days of railroading in

the Yakima Valley this was known as Deadman's Curve, from the

number of fatal accidents that occurred here, but now with the use

of block signals the danger has been removed.

About a mile west of this curve the railway crosses Clealum River,

which drains a large valley heading far to the north and containing

Clealum Lake,, a body of water 4 miles long and nearly a mile wide.

At the outlet of this lake the Reclamation Service has constructed a

low dam to raise the level of the lake and make a stor

It is proposed to increase the height of this dam and thus impound
"

)T volume of water for use in the lower vaUej^ As the

railway rounds the next point of the terrace and crosses the river a

corresponding point is seen on the left, as if at one time there had

been a continuous ridge across the valley at this place. This ridge

has many of the characteristics of a terminal moraine, including a

o

to

ao;ainst which the ice front may
nun

and bowlder clay at the bottom of the cut near the railway. These

features, together with the flat, smooth floor of the valley above,

indicate that at a certain stage of the glaciation of this region a large

body of ice came down the tributary valley now occupied by Kachess

extending from a point just a little east

of Clealum nortliwestward nearly to Clea-

him Lake. Along the northeastern limb

of the Byncline the coal beds are well

known, as the principal bed has been

mined out throughout most of that area,

hut on the southwest eide the rocks are

badly covered, and although considerable

drilling has been done the extent of the

Workable coal is somewhat problematic.

So far only one bed, the Roslyn, has

been w^orked; another bed of workable

tliicknesa underlies the Roi^lyn, but its

extent and value have never been de-

termineil. The Roslvn bed is remarkably

regul thickiiesa and composition

throughout the district, but the quality

of the coal improves regularly from Clea-

lum westward toward the mountains.

The average thickness ranges from 4 feet

4 inches to 4 feet 9 inches. The bed is

not all clear coal but confainB a number

of partings of bony coal. Government

analyses show that the heating value of

the coal ranges from 11,950 to 12,980

British tliermal units.

The Boslyn district contains some of

the largest mines west of Mississippi

River, and the field as a whole is the most

productive in the State. Its output for

the year 1913 was 1,334,155 short tons,

or more than one-third of the coal pro-

duced by the entire State.

The gold-mining districts in central

Washington are the Swauk, Peshartin,

and Xegro Creek, and lie from 18 to 24

miles northeast of Ckulum. Placer gold

has been found in all these districts, but

the Swauk is particularly noted for the

of the srold. Lanre nu^etscoarseness

have been found here, one bein* worth

11,100. Gold was discovered in this

least $2,000,000

produced
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Lake and extended down Yakima Valley to this Doint. Here

ments
ground off the rocky bed over which it had mov
ater flowing from the ice carried sand and gra

I in a somewhat irreorular sheet above the till.

Besides the moraine

Keechelus
lus) Lake. These show that the glacier^ after retreating several miles

came
little, piling up the rocky material in each valley as a terminal

moraine. Kachess Lake, the largest lake in the region, is a beautiful

sheet of water nearly 6 miles long and a mile wide, .A wagon road
extends to the lower end of the lake, but the upper part is still encir-

cled by unbroken forest, which covers the inclosing mountain slopes

to a height of 3,200 feet above the lake. The deep basin in which
the lake hes was scoured out by the glacier that once occupied this

valley. has been dammed
and

ing the amount of stored water available for irrigation

mountain

consists

formation that will

urney up the broad valley above the moraine,
(the Easton schist), which is the oldest geologic

Its exact
age has not been determined, but it is supposed to be Carboniferous
or older,

^
It is a part of the great foundation upon which the Ter-

tiary sediments and lavas were laid down. The rocks on the ridit
(north) are the Teanaway basalt, which

summit Near milepost 36 the sheets of lava that
make up this formation are well exposed in the hio-h mount
mit The sheets of lava here dip away

hich has been ct

make a rugfjed mount

om
which lies at the foot of the steep chmb up to the Stampede
m

Easton.

Elevation 2,176 feet.

Population 493.

St. Paul 1.815 mile';.

are needed in pushing up the grade. The broad valley

following f

:o Kachess
beyond Easton the road swerves to the left and

bottom of the vall

4

liillside. From tlie

but from any commanding smnmit in the neigliborliood it may be seen
that Easton is situated at the junction of two valleys, each of which
has a width of nearly 2 miles. The chief difference in the vaUcys is
that they are not at the same level. The Kachess VaUev has an alti-
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tudc of 2^150 feet, whereas the old floor of the Yakima Valley, repre-

sented by the tops of the hills above Easton, is 350 feet higher. It

is clearly evident that for some reason the Kachess Valley has been

deepened below that of Yakima River, and that the latter is now
cutting a narrow trench m its old valley bottom in order to reduce it-^?

grade to that of the stream which it joins near Easton. These changes

seem to be connected in some waj^ with the occupation of the valleys

by glacial ice, but the manner in w hich it has been accomplished has

not been w^orked out.

Both the Northern Pacific and St. Paul roads follow the river

through the narrow gorge above Easton, where the stream boils and

tumbles over the rocky ledges tow^ard the open vaUey below. The

sand and gravel carried dowii by the stream are constantly grinding

away the hard rocks, but it is a slow process, and many generations

will pass before the obstruction is removed. The narrow gorge is short,

and beyond it the railway enters the relatively open valley above.

As the Northern Pacific crosses the summit of the range near Stam-

pede Pass, about 9 miles from Easton, it climbs at a steep grade. The

St. Paul road, w^hich is here on the right, crosses at Snoqualmie Pass,

11 miles farther north. A short distance beyond Easton the railway

enters the great mass of andesitic lava flows and tuffs that in this

region make up the groat bulk of the Cascade Range.

From a scenic point of vicAv the climb to the pass is not strikhig, for

the traveler sees only rounded- mountain slopes thickly covered with

timber and the broad valley equally well protected by a tangle of dense

vegetation. It is reported that bowlders of granite and similar rocks

have been found perched on the mountain sides from 1,200 to 1,700

feet above the bottoms of the valleys. These indicate that at some

early stage of the glacial epoch the glaciers were much more extensive

than they were at a later stage when the moraines previously described

were formed.

One of the most striking features of the valley is the low pass on the

right, leading to the upper end of Kachess Lake. This pass has an

altitude of about 2,500 feet and doubtless w^as an outlet for either the

drainage of the upper Yakima Valley or that of Kachess Valley, on

the eas\ Its cutting and abandonment are doubtless comiected with

the trenching of the old valley of the Yakima above Easton, but the

conditions which resulted in these changes have not been determined.

This valley, hke the two next east, is occupied by a lake (Keechelus

Lake) w^hich doubtless had its origm in the erosive action of the gla-

cier that evidently lay for some time in the lake basin and built the

moraines aromid its lower end, . Many beautiful views of Keechelus

Lake may be obtamed, either from the wagon road that foUows the

eastern bank or from the St. Paul K ailway, which overlooks it on the

west. (See PL XXV, p. 175.)
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After a long climb tlio railway reaches Martin, tlie last station on the
cast side of tlio range, and a sliort distance beyond turns sharply to

the left and fiicos the east portal of the Stampede
tunnel At this pomt there arc visible on the right

remnants of the old line, which wound up to the

Martin.

Klevation 2,781 feet.

St. Paul 1,823 miles.

mountam
The Stampede tunnel is nearly 2 miles long. So many trams pass

through it that great difficulty has been experienced m keeping it

free from smoke and gas, but now an enormous fan has been installed
at the west end, hi a buildhig which the westbound traveler will see

the tunnel. It is expected thatemersres from
smoke and ^ns m a very short time

Stampede Pass has an eleva

but the long tunnel enables the railway to cross the range at a much

Stampede.
lower level.

dovm the west side of the

mamtam a regular grade

range, the track whul

SSmSs: *^^^ ^^^ ^^^ ^^*^^"id spurs in a most confu

s m

mount
ner to one who is cndeaToring to keep directions or to

From
seem

appcai-s that they are parts of a large loop which the Northern Pacific
is forced to make in order to get down the mountam side.
The mountain slopes are generallj- smooth and round, and the thick

mantle of trees and brush covers aU ex'cept here and there a lava cliff

or an old scar that marks the passage of some forest fhe.^ The out-
look IS confined generaUy to the valley of Green River, which the
radway descends, but at one place, if the weather is favorable, a

may »

^ The tmveler from the train can get
only a very imperfect idea of the charac-

Sheet 26 also shows the location, about

from a position

looking

mountain tops and hence can not see its

upper surface. Although it is not possl-

tunnel_ _
^

Naches Pass (altitude 4,923 feet) and the
old Naches trail, which was the first road
to he opened across the Cascade Range
north of Columbia River. The early ex-11. i«," ^ """ ^" "A ^^lULLLuiii xvivtir. ine eariv ejL-

and
summit

bothsidesof the railway are at nearly the
same elevation, ranging from 4,000 to
;000

also
It will show

inity of Helena and
Butte, but abroad plateau which has been
so cut into by the streams that its origi-
nally regular surface has disappeared,
lea\dngonly a labyrinth of narrow branch-
ing valleys and steep-sided hills.

dians and utilized it in their wanderings
around the headwaters of Yakima River.
It was not, however, used to any great

extent until the rush of homeseekers
about 1850 made it desirable to find a

shorter route to the Puget Sound porta
than that by way of Fort Vancouver, on
Columbia River. Accordingly in 1853
the Naches trail was made passable for

wagons, though probably a pretty rough
road, and many settlers found their way
to the Sound by this route.
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Ramier This Yicnv iiiu} be had ou the riglit while rounding the

extronio point of the loop about 2 miles west of Stampede. The
mountaui is in view only for a moment and tlien is hidden l)}^ the

nearer slopes.

The rocks in the valley of Green River are the same as those seen on
the east side. They consist of lava flows and beds of volcanic tuff that

have been tilted in various directions. These rocks are known as the

Kecchelus andesitic scries and most of them arc of Miocene aire.

They represent the great floods of lava and fragmental material that

were poured out before the Cascades were formed. They now form

part of the broad platform upon w^hich the great volcanic cones of

Mount Rainier, Mount Adams, and Mount St. Helens are reared.

The train runs downi the mountain slope on the left side of Sunday

Creek to the junction of that stream w4th Green River, which comes

from the south. At present the road makes a long loop up Green

River, but a new Ime is being constructed that will cut off this loop.

The vafley of Green River, as well as that of Sunday Creek, is broad

and rounded and shows clearly that it has been cleared and modified

by a glacier. The development, maximum extension, and retreat

of the glaciers of this region are described below by Bailey Willis.^

^ Glacial development began in the
|
from the Olympic Mountains, on the ^vest;

high mountains. The climate, at one a larger one gathered along the base of

time milder than that now existing, grad- the Cascade Range, on the east; the lar-

ually though not continuously increased gest flowed south from the area between

in severity. As cold seasons grew longer Vancouver Island and the mainland of

and warm ones shorter, snow banks in

the shadows of high peaks increased in

volume and drifts accumulated in hol-

lows less protected from the sun. As they

greWj the snow banks consolidated to ice,

and, flowing downward, became glaciers.

Each canyon received an onward-moAing

ice stream proportionate in size to the

tributary area above it. The air was

chilled, precipitation increased, and gla-

ciers extended, and thus the effect of

climatic change was accelerated. The

mountains became mantled with white,

except over sharp, wind-swept peaks and

ridges. Issuing from the foothills, the

glaciers spread and adjacent ones coal-

esce<l, forming broad piedmont glaciers.

A piedmont glacier (that is, a glacier

at the foot of the mountain) is related

to the mountain or alpine glaciers which

, related to its tributary

British Columbia and poured a great

mass of ice westward into the Strait of

Juan de Fuca and another into Puget

Sound. Tongues of these piedmont gla-

ciers advanced along the valleys imtil

opposing ice streams met and coalesced.

Then the ice mass deepened, as water

may deepen in a lake. Land divides

became peninsulas and isolate<I hills

stood as islands. Hills of the Pug

Sound basin were finally eubmerge<l, the

ice reaching a thickness of 2,500 feet or

more in the present site of Admiralty

feed it as a lake is related to it

streams.

Three great piedmont glaciers met in

the Puizet Sound basin. One was fed

Pu:

extremity

pread

Olympia on the south and west.

Finally the glaciers ceased to increase

in the mountains and to deepen in the

vallevs as the climate changed either to

milder seasons or to les;

u^^, a change due to ultimate

which, like those that brought on glacia-

tmn .ire not understood! . Then followed
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Altliougli the railway is steadily descending as it follows Green
River, the canyon grows no deeper, for the reason that the westward

slope of the top of the plateau in which it is cut is

about the same as the grade of the stream. In the
vicinity of Lester the stream flows about 3,000 feet

below the tops of the highest hills on either side, and
this depth is maintained for a considerable distance.

Hot Springs (see sheet 27, p. 196) was once a noted resort, with a

Lester.

Elevationl,626 feet.

Population 405.*

St. Paul 1,839 miles.

number

Hot Springs.

Elevation 1,545 feet.

St. Paul 1,841 mfles.

the hotel was destroyed by fire, and it has not been
rebuilt. Green River is now utilized by the city of

great
m The

intake of the waterworks will be seen lower down the stream.
Below Hot Springs the tmiber was originally very heavy, but most

of it has been cut off or burned, and the traveler can obtain a very

Maywood.

Elevation 1,347 feet.

St. Paul 1.846 miles.

inadequate idea of a virjjm W
what he sees along tliis route. In many places, how-
ever, the second growth is very dense, and it would

difficult to force one's way throuo-h it. In this
vicinity the traveler gets his first good view of the luxuriant growth
of ferns that characterizes the forests of the coastal belt of Orecron and
Washin XXVI

simil
o much

Humphrey.

Elevation 1,224 feet

St. Paul 1.850 miles

summit
the east side.. In the Green River valley the rocks
have been
that form

smoo and Tounded by the glaciers

on the plain below. The smooth and open character of the vaUey
continues do^^^l as far as Eagle Gorge, but beyond that place the

river enters a narrow, steep-walled canyon that in no
respect resembles the valley higher up. The contour

Eagle Gorge.

Elevation 1,110 feet.

Population 304.*

St. Paul l,So4 miles.

m
Gorge to Barneston, but that neither the
the railway follows it. From the

river nor

the valleys it is evident that Green Eiver,

an epoch during which the ice melted

at

arrangement

cue time in the

earlier and more rapidly in the lowlands,
later and lingeringly in the ranyons of
the ranges The piedmont glaciers
shrunk till they parted, and each man-
tied the foothills of its parent range. The
margins of the glaciers consisted of masses
of stagnant ice buried beneath accumu-
lations of gravel, sand, and loam, and

hardy vegetation may have flourished in

soil upon the ice. Rivers flowed on the
glaciers, through tunnels in them, and
from beneath them. Ice-bound lakes

were formed in embayments of the hills.

s succeeded one another fre-Chang

quently, and each phase of ice and stream
and lake left a meager record of its exist-

ence in deposits of detritus.
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^««fc

pastj flowed in this Yallcy instead of in its present course below Eagle

Gorge. ^

^ The old and new valleys of Green

River afford an excellent example of

changes that may take place in the drain-

age system of a country as a consequence

of the invasion of a glacier. The river

valleys on the "vvest slope of the Cascade

Mountains are in general ^vell developed,

showing that the streams have occupied

them for a long time. The original course

of Green River below Eagle Gorge was

doubtless north by way of Page Mill and

Barneston, for the present canyon below

Eagle Gorge is so narrow that it must have

been formed comparatively recently. The
relative size of the two valleys is shown in

figure 38j which represents a cross section

about 3 miles below Eagle Gorge.

To divert a stream intrenched in a

valley from 2,000 to 3,000 feet deep must

have required a formidable barrier. Such

a barrier could have been produced only

The exact manner in which the i^e

blocked this outlet of Green River is a

matter of specnlation, but probably the

glacier came down the Sound after the

local glaciers in Green and Snoqualmie

valleys had melted back from the moim-

tain front and crowded up the valley of

Green River until it completely blocked

that valley with a great dam of ice, hun-

dreds and possibly thoiisands of feet in

thickness. This barrier eeems to have

been sufficient to raise the water of Green

River until it flowed over a low divide

that must have existed between the Green

River valley and a small stream flowing to

the west past Palmer Junction, Beyond

this divide the ri\'er found an unob-

structed outlet which it at once proceeded

to deepen and which it finally cut below

the level of the former outlet by Barnes-

ton. By the time the ice had disappeared

Figure 38.—Section showing size and shape of the vaUey of Green River below Eagle Gorge, Wash

pared with the vaUey the river abandoned when it was blocked by ice.

Green River had become so deeply in-

trenched in its new course that it per-

sisted, and it remains to this day in the

new valley it was thus compelled to

occupy-

in one of four ways—(1) by a landslide

which filled the valley below the point

of diversion; (2) by a lava flow occupying

a similar position; (3) by a fa alt across

the valley and the sudden upward move-

ment of the land below the fault; or (4)

by the blocking of the valley by ice. If the Great Ice Age, geologically it was

the change were due to any one of the
|

very recent, as is shown by the narrow-

ness and steepness of the new part of the

gorge. Time enough has not elapsed for

the river to broaden its channel, and this

gh this

first three of these causes there should

remain in the old valley some traces of

the barrier, but, as no such features have

been observed, it must be concluded that

ice was the agent that caused the change.

Ice would leave no permanent barrier,

and so no surface indications would be

ordinary

that Evidence

abundant
that

geologi

difi wiU
passe

valley in the vicinity of Eagle Gorge into

narrow

below, in which there is barely room for

the track between the river and the

bluffs, and even to make this passage

deep rock cuts and many crossings of

the stream are necessary.
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That part of the Green Hirer valley below Eagle Gorge has all the

features characteristic of newly cut gorges in fairly hard rocks. It is

narrow and tortuous and the stream abounds in tumbling cascades

and pools of deep water. It is a beautiful glen in wliich the rocks

arc covered with delicate mosses and draped with ferns whose graceful

fronds sparkle with mist from the numerous cascades.

Just after passing mllepost 81 the traveler can see the head gate

of the Tacoma waterworks, and the deep-blue pool above, which

certamly looks as if no pollutmg substances had ever affected it.

After being accustomed to the water'supplied to some of the eastern

cities the traveler may envy these Pacific coast towns their nearness

to mountain sources and the never-failing water supply they can pro-

cure there. Seattle also draws its supply of water from the Cascade

Mountains, but as it is taken from Cedar River, the next stream on

the right (north) , neither the intake nor the conduit are visible from

the train.

At Palmer Junction the Northern Pacific divides into two branches,

the older line turning to the left (south) and going by way of Buckley

to Tacoma, wliich at the time of the completion of the railway was

its western tennmus, and the other turning slightly to the right and

going to Seattle by way of Auburn.^

1 The original plan o£ the Northera

Pacific was to build on the north side of

Columbia River from the mouth of Snake

River to Kalama and thence northward

to Paget Sound. That part of the road

from Kalama to Tacoma vras the first to

be constructed, the first train reaching

Tacoma on December 16, 1873. Finan-

cial difFiculties forced a suspension of

operations for some time, but in 1880

building was resumed and actively

pushed from JMandan, N. Dak., westward
and from the mouth of Snake River east-

ward.

from Kalama to Snake River had not yet

been touched, but it was thought that if

the line east of Snake River could be
completed, boat Ber\-ice on the river

would accommodate the traffic until the
company was strong enough financially to

xmdertake the building of that line. In
the meantime a franchise for the construc-

tion of a road along the south bank of the
Columbia had been obtained by the Ore-

The line along Columbia River

arrangements

between this

Navigation Co., and
had been entered into

Wallida to Portland.

this

TNTiile these nego-

tiations were under way the construction

of the main line was carried on rapidly,

and the last spike connecting the eastern

and western sections was driven a little

west of Garrison in September, 1883.

Aa early as 1876 a line was built from

Tacoma up Puyallup River to the Wilke-

aon coal mine for the immediate purpose

of procuring coal, and ultimately as a

part of the Cascade branch, which the

Northern Pacific, even at that early date,

was considering a necessity. Work on

this branch was suspended during the

reorganization of the company in the

years 1873-1879 and also while the com-
pany was bending all its energies to the

completion of the main line in 1880-

1883. Finally work was begun on this

branch in earnest in 1884, but owing to

the delay in constructing the Stampede
Tunnel, the first train over the line did

not reach Tacoma until July 3, 1887. In

1883 the raihoad from Seattle to Aubmn
and Puyallup was built by a company
of local capitalists, but later it was taken

over by the Northern Pacific. The last

cut-off constructed was the road from Pal-

mer Junction to Auburn, which now gives

a direct line from St. Paul to Seattle.
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About a mile east of Palmer Junction the raihvaj' enters one of

the productive coal fields of the State, though little coal or evidence

Palmer Junction.

Elevation 869 feet.

St. Paul 1,862 miles.

of coal mining can he seen from the train. Several

mines have been developed, however, south of the

river, within a distance of 3 or 4 miles, and one or

two mines to the north.

Between Palmer Junction and Kanaskat the XortheiTi Pacific

is crossed hy a branch of the St. Paul road which leads to several

towns along the mountain front and ter-

Kanaskat.

Elevation 859 leet.

St, Paul 1,8(>2 miles.

mmmg
minates at EnumclaWj on the Tacoma line of the

northern Pacific, 10 miles to the south. The moun-

tains end abruptly at Kanaskat and give place to a

glacial plain. The glacial drift on this plain is underlahi by shah*,

sandstone, and coal beds, which belong to the Puget group and

which are of about the same age as the Roslyn

(Eocene) formation on the other side of the Cascade

Range, but few of the rocks are exposed at the surface.

There are two large coal mines at Ravensdale, one of

which can be seen on the left (south) as the train

Ravensdale.

Elevation 628 feet.

Population 726.*

St. Paul 1,S67 miles.

passes through the village.*

- As the nresence of coal beds means

,un o
time much Careful

foiTns

nly

;lim

kind of

Kjiowlton compares the fossil flora with that livmg in Washin

the present timc.^

^ The large coal tipple wliich the trav-

eler can see on the left is used for hoist-

ing coal up a slope about 1,500 feet long

from the workings below. Three coal

beds are being worked In this inine.

The main slope leads down one bed and

a rock tunnel has been driven from it to

the other two,

The main bed ranges in thickness in

the mine from 4 feet 4 inches to 10 feet

7 inches and where thickest is broken

by many partings of shale and Lone that

make mining expensive and detract

greatly from the value of the coal,

other two beds are 5 feet 7 inches and 7

feet 10 inches thick, but contain much
impure or dirty coal. The heating value

of the coal ranges from 11/290 to 11,850

thermal units

The

lags.

The McKay coal bed, which is worked

in a mine some distance away from the

main line of the road, is about 5 feet

thick and is all clear coal without part-

This coal has a heating value of

12,210 British thermal units. Although

this mine is less than a mile distant from

the one near the track, it has not been

possible to determine the relative posi-

tions of the coal beds, for the rocks are

thrown into numerous folds and broken

in many places.

2 The State of Washington now exhibits

mty
tions, with the result that it supports a
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West of Ravensdale the railway pursues a W(

g under the Columbia & Puget Sound Railro

ing in a general way a slight depression in the drift without any

m
more

and the raihvay cuts show that the valley has been excavated in a

Covington.

Elevation 3G1 feet.

Popiilation 145.*

St. Paul 1,874 miles.

deposit of glacial gravel. Thi3 m
known as the Orting gravel, was deposited by

streams flowing from the ice front of the Admiralty

glacier (see p. 192) after it had retreated to a position

farther north.

At milepost 102 is the State fish hatchery, which supplies fish fry

r many of the streams on this side of the mountains. Soon after

Lssin^ this noint the train crosses Green River and is once more in a

large and varied flora of not less than of oak growing in the State, as well as the

2,500 species of the so-called higher plants
[
black pine and, until the middle of July,

alone. As these soil and climatic condi-

tions vary from place to place, there are

many sharpj almost abrupt changes in the

a carpet of brilliant flowers.

The fossil flora of this region, found

mainly in more or less close association

character of the vegetation. Thus the with the numerous coal beds, was also an

Cascade Hange, although only 6,000 or

7,000 feet high, constitutes an effective

barrier which relatively few plants are

able to cross. On the east side of the

mountains there is an arid transition area

where the sagebrush plains of Columbia
niver give way to the slightly higher,

treeless, grass-covered zone known as the

bunch-grass prairies. Still higher and
nearer the mountains is the yellow-pine

belt. Here the forests are composed
mainly of the yellow or bull pine, with
mich uudershnibs as the pinebark, buck-
brush, roses, and a tall huckleberry.

On the western slope of the Cascades

the change in the character of the vegeta-

tion is marked . The dominant forest tree

is the red fir, which covers fully 90 per

cent of the hea^uly timbered area, in

places with a stand so dense that the sun
can scarcely penetrate. In a narrow strip

along the coast the dominant species is

the Sitka or tideland spruce. In the bot-

tom lands, mainly river valleys, the con-

spicuous trees or shrubs are the red cedar,

giant cedar, white flr, large-leaved maple,
Oregon ash^ cottonwood, western cornel,

A-ine maple, crab apple, willows, the ter-

rible devil's club, and salmonberry. On

exceedingly rich and diverse one, num-
bering, as at present understood, about

350 species, with the probability that it

may reach 400 or 500 species when fully

known. Not a single one of these fossil

species is now known to be living, al-

though many of them belong to genera

that are the same as or similar to those that

make up the present flora. In view of

the so-called accident of preservation, it

is probable that the total fossil flora may
have equaled the living flora in number
of species.

The almost complete change in the

character of the flora since the Puget

epoch (Eocene) is well shown by the coni-

fers. This group is now dominant in con-

spicuousness and number of individuals,

whereas in Puget tiine it was almost neg-

ligible, being represented by only three

kinds—cypress, cedar, and juniper—and

these were so scarce that less than twenty

examples out of many thousands of speci-

mens have been observed. Another

marked difference between the two floras

is shown by the presence of palms in the

Puget flora. Two very distinct kinds of

palms haA*e been found, one with rather

small, feuther-like leaves, and a huge fan

the gravelly prairies are the only species
! palm, with leaves that must have been at
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broad valley in whicli the timber has been cleared away and farms

established. To one not accustomed to the thick forests of the

Pacific slope, it is a relief to emerge from their dense shade and

enter open country.

After crossing Green River and the broad valley in which it flows

the train passes under a high bluff of gravel (Orting) on the south.

The origin and geologic age of this gravel, as well as

of the other formations of the drift in Washington,

are discussed below by W. C. Alden.^ This gravel

has been extensively used by the ruilway fur bal-

Auburn.

Elevation 100 feet.

Population 957.

St. Paul 1,8S3 miles.

lasting the track. At Auburn the railway line

across the mountains unites with the line from Portland to Seattle.

The rest of the route is directly north do\\'n the valley to its junction

with Black River, w^hich is the natural outlet of Lake Washington.
» ^ ^^_^^^^^^^^B.^l_

least 5 or 6 feet across. At present palms maples, dogwoods, sycamore, etc., in the

do not grow wild within a thousand niilea

of the Paget Sound region.

The traveler will doubtless be struck by
the abundance of beautiful ferns now
growing along the forest borders in the

open, partly shaded locations. Ferns

were also present during Puget time,

though none that have been found are

veiy closely related to the living forms.

Tall, bushy horsetails (Equisetum) are

conspicuous in many places, and the

group was represented in the fossil flora.

The deciduous-leaved plants, to judge

from their fossil remains, were in the

vast majority during Puget time and

show much diversity. They included

figs of several kinds, liackberries, mul-

berries, many ^yillows, alders, birches,

and oaks, a number of poplars, two spe-

cies of pepper tree, elms, ashes, maples,

magnolias, cinnamons, lam'els, plums,

ser\dce berries, dogwoods, custard apples,

chestnuts, crab apples, siunachs, bitter-

sweets, blueberries, bush thorns, prim-

roses, and others that are without well-

known vernacular names.

The Sound countr>' of Wasliington, at

the time of deposition of the lower beds of

the Puget group, is supposed, on account

of the abundance of ferns, gigantic palms,

figs, and a number of forms now found in

the West Indies and tropical South Amer-
ica, to have enjoyed a much warmer cli-

mate than it does to-day; but the pres-

ence of siunachs, chestnuts, birches,

seem

indicate an approach to the climatic con-

ditions prevailing at present.

A number of fossil plants have been

found to be common to the east and west

sides of the Cascades. This would indi-

cate that approximately similar condi-

tions of climate and topography prevailed

throughout this general area during the

Puget epoch. The Cascade Eange, as it

now exists, did not then intervene.

* At a time which probably corresponds

to the last or Wisconsin stage of glaciation

in the eastern part of the United States,

the mountains of Washington were largely

covered with ice, and the Vashon lobe of

the Cordilleran ice sheet extended south-

ward from British Columbia into the Pu-

get Sound basin. This glacier is believed

to have attained a thickness of about

2,500 feet. The ice filled the depressions

competing the Sound, from the foot of

the Olympic Mountains on the west to

the base of the Cascades on the east. On
the south it reached and covered much

of the plains south of Olympia. The ice

of this glacier probably coalesced on the

east with the local glaciers that descended

the slopes and valleys of the Cascades.

The melting of these glaciers left depos-

its of clay, eand, gravel, and bowlders

(the Vashon and Osceola drift), which

may now be seen on the ele^vTited tracts

between and around the troughs of the

Sound but which were not thick enough
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Below tlic point of junction the stream is known as Duwaniisli

River, and tMs the road follows to the tidal flats of Elhott Bay at

Seattle.

The broad valley at Auburn is distinctly different from the ordinary

stream valleys of this region, in that it is wider than is required by
such streams as now occupy it^ it is flatter than valleys excavated by
erosion, and it is open to tidewater at both ends—Elliott Bay (Seattle)

i the north and Commencement Bay (Tacoma) on the we^

)or of the valley is so flat that streams entering it build d

cumulations of sediment upon which the stream chann

The

from to place. Wh
milky

miles

above Auburn. eam at times turns

Tacom
unites Avith Green River, The arranjrement

r peculiar connection with bavs and similar

dentations of the coast line strongly suggest that at one time this

icoma to beattle was an arm
t smaller than Admir
^y simply by being fill

; from the Cascade Mc
Willis, who has made

sediment

t)

branching channels
Sound could have been produced only by the submergence of a land
on which a branching river system had formerly existed. If this

view is correct, it is evident that many modifications must have been
made, for a peculiaritv of the channels of the Soiinrl i^ thnt fhAvnot

em
in a most intricate fashion. Taken as a whole, the conclusion appears

be explained.

many minor

to fill the deep depressions, so that when
free of ice these were occupied hy marine
waters. This drift is underlain by strat-

ified sand and gravel (Douty gravel,

Puyallup sand, and Orting gravel) de-
posited by waters from the melting of

earlier glaciers. These deposits include
lignite, formed from vegetation which
grew upon the sand and gravel, and they
^ar^ much weathered and eroded, showing
that they were exposed during a long
interglacial stage l>efore being overridden
and covered by the deposits of the gla-
ciers mentione<l al>ove.

xJeneatli tliese sands and gravels Uc
deposits of stiff blue clay, mostly strati-

fied but locally filled with subangtdar

stones and large bowlders. These de-

posits, known as the Admiralty till,

deposited by the Admiralty glacier,

were laid down during an earlier stage

of glaciation, when the Paget Sound
basin was occupied by a lobe of the

Cordillemn ice sheet, as at the Vashon
stage. There are some suggestions that

still earlier gl _ ^ _ .

luit these are too indefinite to be given

much weight.

occupied the basin,
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The White River valley is largely given up to truck farming and
dairying. The dairying industry centers about Kent, where there

is a large plant for the manufacture of condensed

milk. On the left (west) are the lines of the Oregon-Kent.

Elevation 53 feet.

Population 1,908.

St. Paul 1,888 miles.

about 2 miles distant.

Washington Railroad & Navigation Co., the St, Paul

road, and the Intcrurban Electric Co.; on the right

the town of Renton, perched partly on the hillside,

-in fact,This is another coal-mining town

coal mining is the chief business in many parts of the country back

from the Sound. Renton is nearer tidewater than the other mining

towns of the State, and the coal mined here has a fine reputation in

the cities on the Sound as a clean fuel for domestic use.*

Betw^een mileposts 11 and 10 the Black River branch on the right

leads to Renton and other to^ATls in thg-t direction, and at mUepost

10 the Renton branch of the interurban trolley line crosses the St.

Paul road and then crosses Black River, which is the outlet of Lake

Washington, Beyond the crossing of Black River the railway is at

the foot of the bluffs on the right side of the valley, and the hillside

cuts expose, in several places, sandstone and shale (Puget group),

but no coal beds occur in this part of the formation. This part of the

valley is known as the Diiwamish Valley. At its lower end the stream

is actively engaged in filling the bay with the sediment which it car-

ries. The work of the stream has been supplemented in recent years

by civic activity in cutting down some of Seattle's hills and in reduc-

ing the grades in the business part of the citv. On some of the streets

the grade was lowered as much as 30 feet, and on others there was a

corresponding fiU. As the material on which the city is built is glacial

drift, steam shovels were largely used for the excavation, but the

methods used in hydi'aulic mining were employed to get rid of the

large hill upon which the old Washington Hotel was situated. The rail-

way crosses the wide tidal flats, which are being more and more utilized

for business purposes, and reaches the Union Station at Seattle.

1 Renton is one of tlie oldest coal- I coal is brought to the surface tlirough a

X

mining centers of this part of the countiy,

as mines were opened here in 1874.

This early activity can not he attributed

to the quality of the coal, for that is of a

much lower rank than those already

described, but it is probably due to the

nearness to tidewater, the cleanness of

the coal, and its suitability for domestic

use.

Two coal beds are worked, and, like

mc^t of the other coal beds of this region,

they are not lying flat, but dip at an

ande of about 12'' to the southeast. The

slope on one of the beds, and a rock tun-

connec

Each bed is over 8 feet thick everj--

where, but this is not all merchantable

coal. The average heating value of the

b<^ls is 11.290 an-

British thermal units.

Tlie Renton coal, when exposed to the

weather, slacks badly. On accouuu

this property it is classed as subbitumi-

nous coal, the next lower in the scale to

bituminous coal, such as is mined at

Bosljm and Bavensdale.

95558° Bull. Gil—15 13
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The most important natural feature at Seattle is the wonderful
harbor, with deep water at the very door of the city. The depth of

Seattle.

Elevation 24 feet, ^

Population 237,194.

St. Paul 1,904 miles.

water is shown on the small map on sheet 27, Other
features of interest are the steep water front and the

way in which it has been modified and shaped for the

use of man^ and Lake Washington, which bounds the

city on the east and is soon to be tlirown open to the

commerce of the world by the construction of a ship canal from
Salmon Bay through Lake Union and across the narrow neck of land

south of the State University. This will greatly increase the harbor
facihties, and the fresh water of the lake will afford an efficient

means of freeing ocean-going vessels of barnacles.

The State University is beautifully situated on the shore of Lake
Washington, and its campus was utilized for the site of the Alaska-
Yukon-Pacific Exposition in 1909. The city is well supplied with
parks and connecting- boulevards, and one of the finest views about
the city is that of Mount Rainier ^ from the boulevard that follows

the shore of Lake Washington.

"untam masses

:lus

with the 1

unt E^aini

XXVII). This mountain giant is the

>nun

Pacific slope. There may be other snow-

seem to pierce the sky,

Adams
but these are dwarfed beside the mighty
symmetrical cone of Rainier,

Mount Rainier (14,408 feet) is of about
the same height as Pikes Peak, in Colo-

CaJifornia

^Tiitney

in beauty to either, for it is not only a

can
sea level and at close range, so that it

stands out in all its massive grandeur.
Mount Rainier when it comes into \iew

Juan de Fuca, claimed to have discov-

ered the main entrance to the Sound
about 1600, but grave doubt has been
cast upon his narrative and many believe

that his account was pure fiction. The
first reliable account of the Sound was
written

avy

alone: the channels

point

Puget
Sound or from Lake Washington,
its full height, as there are no other peaks

mapped the Sound, named it after Peter

Puget, one of his lieutenants, and also

named many other natural features of the

region, including Mount Rainier.

It is said that the original Indian name
was Tacoma or Tahoma, meaning "big

snow moimtain," but Vancouver disre-

garded or did not know of the Indian
usage and named the peak after Rear
Admiral Rainier, of the British Nai-y.

This name has been adopted by the

United Never-

from
commanding presence.

The early exploration of the Puget
Soimd region is a matter of some uncer-
taintv and alerianus
an old Greek pilot in the service of Spain
better known bv his Snanisb f^hr\r,.ic.-

theless, there are many people who would
gladly see the foreign name abandoned,
even though usage has given it great

weight, and the aboriginal name Tacoma
revived.

Naturally, the high peaks of the Cas-

cade attracted the attention of everyone
who entered the region, and many were
eager to scale them. TTie earliest record

of mountain climbing was the ascent of

Mount St. Helens in 1853. During the
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THE ALMOST IMPASSABLE TANGLE OF A WASHINGTON FOREST.
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MOUNT RAINIER. "MONARCH OF THE CASCADES/' AS SEEN FROM THE BOULEVARD ON THE SHORE OF LAKE WASHINGTON, SEATTLE, WASH.

This mighty volcanic cone rises 14,408 feet above tidewater and nearly 1 0,000 feet above the general level of the Cascade Range. Photograph copyrighted by Curtis Sc Miller, Seattle.
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Althougli Capt. Vancouver mapped and named Puget Sound in

1792, there was no permanent settlement or even trading post in the

region until 1833, when Fort NisquaUy was buHt by the Hudson's Bay
Co. on the ground now occupied by the city of Tacoma. This post was
for many years, even up to the time it was purchased by the United
States Government in 1869; the leading commercial place on the Soimd
and was surpassed only on the northwest coast by Fort Vancouver, on
the Columbia, which was the headquarters of the Hudson's Bay Co.

Capt. Wilkes, when on his exploring expedition of 1840, landed at

Fort NisquaUy and sent a party inland to explore the country tribu-

tary to the Sound and to Columbia River. One party traveled south-

ward and explored the Willamette (Wil-lam^et) Valley of Oregon,

and another, under Lieut. R. W. JohnsoUj on May 29, 18-40, crossed

the Cascade Mountains by way of Nachcs Pass. This seems to have
been the earliest passage by white men across the Cascades. At that

time it was only an Indian trail, but in 1853 a road was cleared so that

emigrants over the old Oregon Trail could make a short cut to the

Sound instead of having to keep to the south along Columbia River.

foIlo\^^Jlg year parties reached the sum-

mits of Mount Hood, in Oregon, and
Mount Adams. Several unsuccessful at-

tempts were made to climb Mount Baker,

but not until 1868 did a party reach the

top.

Lieut. A. V. Kautz made an almost

successful ascent of Mount Kainier in 1857,

reaching within 1,000 feet of the summit
His trip, however, proved to be very im-

portant, for he established the existence

of glaciers here, which up to that time

had not been known in this country.

The first expedition to reach the top of

the mountain was that of Gen. Hazard

Stevens and P. V. Van Trump, who at-

tained the summit on August 17, 1870.

In the same year S. F- Emmons and A.

D. Wilson, at that time members of the

Fortieth Parallel Survey, made a brief

study of the geology of the mountain and

of the glaciers on its side and reached the

top October 17, just two months after it

had been attained by Stevens and Van
Trump. Since that time numerous as-

cents have been made, and each year

the trip is gaining in popularity, espe-

cially since the mountain and some of the

adjacent territory haa been set aside a^

the Mount Rainier National Park. The
base of the mountain can eajsily be

reached from either Seattle or Tacoma,

will

journey

like

Helens, and Baker, and Glacier Peak; is a

great volcanic cone built upon the sum-

mit of the Cascade Range by successive

layers of material thrown out of its crater.

The great height of these peaks has not

been materially reduced by erosion, for

the time since their formation has not been

long enough to permit very effective work

by the elements. Steam escapes from

most of these old volcanoes, showing that

the rocks are still hot at some distance

' It 13 noted in the rec-below the sm-face.

orda of old Port Vancouver, on Columbia

River, that Moimt St. Helens emitted

smoke and ashes since the

ment of that post. The rece

ilish

mia
which is situated on the same general

range of mountains, is another indication

that volcanic activity in this region is not

quite extinct.

^__, of the great volcanic peaks

of Washington are as follows: Mount St,

Helens, 9,697 feet; Glacier Peak, 10,436

fopf • Mnnnt RakpT. 10.750 feet: Mount
and Mount Raini

14,40S feet.
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The first settlement in the vicinity of Seattle was made at Alki

Point in 1851. This was named New York, to which somebody face-

tiously added the Chinook word ^^alki/^ meaning '^by and by/' On
February 15, 1852, the claims which became the town site of Seattle

more than 20 lami

»wn. The town of Tacoma was laid out in

the two places.

most intense though friendly rivalry

in what is called the moist
Washino:ton, It has an annual preciDitation of 25 to 60 inches, threety

occurs

intermediate between the extremeh
annual

is only 8 o:

unfamiliar

tins, where the annual precipitation

Sound region is regarded by many

by the Weather Bureau show that the precipitation here is about the

same as in southern Ohio, The mean annual temperature of Seattle

for December, 1894; to December, 1903, was 52"^. The maximum for

that time was 96° and the minimum 3°.

Although the great forests that have made this part of the north-

west coast famous are fast disappearing, lumbering continues to be
the chief industry along the Sound, and millions of feet of lumber
are each year sent east by the railways or shipped by vessel to various
parts of the world.

Seattle has one of the finest deep-water harbors on the coast. As
Ehiott

gradually
riat irregularly to 600 feet where the bay opens
The harbor facilities of Seattle and its position near the Strait of

inland passage to the north have mad
mos
Alaskan trade and also for a large part of the oriental commerce
he United States.
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GLOSSARY OF GEOLOGIC TERMS.

Alluvial fan. The outspread sloping deposit of bowlders, gravel, aud sand left by
a stream where it passes from a gorge out upon a plain.

Andesite- A lava of widespread occurrence, usually of dark-gray color and inter-

mediate in chemical composition between rhyolite and basalt.

Anticline. Arch of bedded or layered rock suggestive in form of an overturned
canoe. (See fig. 20, p. 102.) (See also Dome and Syncline.)

Badlands. A region nearly devoid of vegetation where erosion, instead of carving
hills and valleys of the familiar type, has cut the land into an intricate maze of

narrow ravines and sharp crests and pinnacles. Travel across guch a region ia

almost impossible, hence the name. (See Pis. VI-IX, pp. 62-63.)

Basalt. A common lava of dark color and of great fluidity when molten. Basalt ia

less siliceous than granite and rhyolite, and contains much more iron, calcium,

and magnesium.

Bolson (pronounced bowl-sown^). A flat-floored desert valley that drains to a central

evaporation pan or playa.

Bomb. See Volcanic bomb.
Breccia (pronounced bretch^a), A mass of naturally cemented angular rock frag-

ments.

Crystalline rock. A rock composed of closely fitting mineral crystals that have

formed in the rock substance as contrasted with one made up of cemented grains

of sand or other material or with a volcanic glass.

Diabase. A heavy, dark, intrusive rock having the same composition as basalt, but,

on account of its slower cooling, a more crystalline texture. Its principal con-

stituent minerals are feldspar, augite, and usually olivine. Olivine is easily

changed by weathering, and in many diabases is no longer recognizable, Augite

is a mineral containing iron and magnesium and is similar to hornblende.

Dike. A mass of igneous rock that has solidified in a wide fissure or crack in the

earth's crust. (See fig. 15, p. 95.)

Diorite. An even-grained intrusive igneous rock consisting chiefly of the minerals

feldspar, hornblende, and very commonly black mica. If the rock contains

much quartz, it is called quartz diorite. Quartz diorite resembles granite and is

connected with that rock by many intermediate varieties, including monzonite.

The feldspar in diorite differs from that in granite in coctainlng calcium and

sodium instead of potassium. Hornblende is a green or black mineral containing

iron, magnesium, calcium, and other constituents.

Dip. The slope of a rock layer expressed by the angle which the top or bottom of

the layer makes with a horizontal plane. (See fig. 2, p. 17.)

Dissected. Cut by erosion into hills and valleys. Applicable especially to plains

or peneplains in process of erosion after an uplift.

Dome. As applied to rock layers or beds, a short anticline, suggestive of an in-

verted basin.

Drift. The rock fragments—soil, gravel, and silt—carried by a glacier. Drift in-

cludes the unassorted material knowTi as till and deposits made by streams flow-

ing from a glacier.

Erosion. The wearing away of materials at the earth's surface by the mechanical ac-

tion of running water, waves, moving ice, or winds, which use rock fragments and

grains aa tools or abrasives. Erosion is aided by weathering. (See Weathering.)

199
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Faiilt. A fracture in the earth's cnist accompanied by movement of the rock on

one side of the break past that on the other. If the fracture is inclined and the

rock on one side appears to have slid down the slope of the fracture the fault is

termed a normal fault. If, on the other hand, the rock on one side appears to

have been shoved up the inclined plane of the break, the fault is termed a reverse

fault. (See fig. 20, p. 102; fig. 23, p. 112, and fig. 30, p. 143.)

Fault block. A part of the earth's crust bounded wholly or in part by faults.

Fault scarp. The cliff formed by a fault. Most fault scarps have been modified by
erosion since the faulting.

Fauna. The animals that inhabited the world or a certain region at a certain time.

Fissure. A cracky break, or fracture in the earth's crust or in a mass of rock.

Flood plain. The nearly level land that borders a stream and is subject to occasional

overflow. Flood plains are built up by sediment left by such overflows.

Flora. The assemblage of plants growing at a given time or in a given place.

Fold. A bend in rock layers or beds. Anticlines and synclines are the common
types of folds. (See fig. 28, p. 129, and fig. 31, p. 144.)

Formation. A rock layer, or a series of continuously deposited layers grouped

together, regarded by the geologist as a unit for purposes of description and

mapping. A formation is usually named from some place where it is exposed

in its typical character. For exami>le, Denver formation, Niobrara limestone. .

Fossil. The whole or any part of an animal or plant that has beea preserved in

the rocks or the impression left by a plant or animal. This preservation is in-

variably accompanied by change in substance, and from some impressions the

original substance has all been removed. (See Pis. VI, A, p. 62; XI, 5, p. 75.)

Gneiss (pronounced nice). A rock resembling granite, but with its mineral con-

stituents so arranged as to give it a banded appearance. Most gneisses are meta-

morphic rocks derived from granite or other igneous rocks.

Granite. A crystalline igneous rock that has solidified slowly deep within the

earth. It consists chiefly of the minerals quartz, feldspar, and one or both of

the common kinds of mica, namely, black mica, or biotite, and white mica, or

muscovite. The feldspar is the kind known as orthoclase, and may be distin-

guished from quartz by its pale-reddish tint and its property of breaking with
flat shining surfaces (cleavage), for quartz breaks irregularly. The micas are

easily recognized by their cleavage into thin, flexible flakes and their bril-

liant luster.

Horizon. In geology any distinctive plane traceable from place to place in different

exposures of strata and marking the same period of geologic time. A particular

horizon may he characterized by distinctive fossils.

Igneous rocks- Rocks formed by the cooling and solidification" of a hot liquid

material known as magma, that has originated at unknown depths within the

earth. Those that have solidified beneath the surface are known as intrusive

rocks, or, if the cooling has taken place slowly at great depth, as plutonic intru-

sive or plutonic rocka. Those that have flowed out over the surface are known
as effusive rocks, extrusive rocks, or lavas. The term volcanic rocks includes

not only lavas but bombs, pumice, tuff, volcanic ash, and other fragmental

materials or ejecta thrown out from volcanoes.

Lithologic. Pertaining to lithologj^ or the study of rocks. (See also Petrology.)

Pertaining to rock character.

Lode. An ore-bearing vein (see Vein); especially a broad or complex vein.
Xioess (pronounced lurse with the r obscure). A fine homot^eneous silt or loam

showing usually no division into layers and forming thick and extensive
deposits in the Mississippi Valley and in China. It is generally regarded as in

part at least a deposit of wind-blown dust.
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Meander. To flow in serpentine curves. A loop in a stream. The term

course. Most

streams in flowing across plains develop meanders. (See PI. IH, A, p. 11.)

Metamorphism. Any change in rocks effected in the earth by heat, pressure,

solutions, or gases. A comm
sion into them of igneous rocks,

metamorphic.

.ged are termed

Monzonit intermediate

between diorite and granite. It resembles granite.

Moraine. A mass of drift deposited by a glacier at its end or along its sides.

Oil pool. An accumulation or body of oil in sedimentary lock that yields petro-

leum on drilling. The oil occurs in the pores of the rock and is not a pool or

pond in the ordinary sense of these words.

Outcrop. That part of a rock that appears at the surface. The appearance of a

rock at the surface or its projection above the soil.

Paleontology. The study of the world's ancient life, either plant or animal, by

means of fossils.

Peneplain. A region reduced almost to a plain by the long-continued normal ero-

sion of a land surface. It should be distinguished from a plain produced by the

attack of waves along a coast or the built-up flood plain of a river.

Petrography. The description of rocks, especially of Igneous

rocks, studied with the aid of the microscope.

Petrology. The study of rocks, especially of igneous and metamorphic rocks.

Placer deposit. A mass of gravel, sand, or similar material resulting from the

crumbling and erosion of solid rocks and containing particle or nuggets of gold,

platinum, tin, or other valuable minerals, which have been derived from rocks

or veins by erosion.

Playa (pronounced plah^ya). The shallow central basin of a desert plain, in which

water gathers after a rain and is evaporated.

Porphyry. Any igneous rock in which certain crystal constituents are distinctly

visible in contrast with the finer-grained substance of the rock.

Quartzite. A rock composed of sand grains cemented by silica into an extremely

hard mass.

Rhyolite. A lava, usually of light color, corresponding in chemical composition to

granite. The same molten liquid that at great depth within the earth solidifies

35 granite would, if it flowed out on the surface, cool more quickly and crj'stal-

lize less completely as rhyolite.

Schist, A rock that by subjection to heat and pressure within the earth has under-

gone a change in the character of the particles or minerals that compose it and

has these minerals arranged in such a way that the rock splits more easily in

certam directions than in others. A schist has a crystalline grain roughly com-

parable with the grain of a piece of wood.

Sedimentary rocks. Rocks formed by the accumulation of sediment in water

(aqueous deposits) or from air (eolian deposits). Tlie sedhnent may consist oi

rock fragments or particles of various sizes (conglomerate, sandstone, shale); of

- the remains or products of animals or plants (certain Ihnestones and coal); of the

product of chemical action or of evaporation (salt, gypsum, etc.); or of mixtures

of these materials. Some sedimentary deposits (tuffs) are composed of fragments

blown from volcanoes and deposited on land or in water. A characteristic fea-

ture of sedimentary deposits is a layered structure known as bedding or strati-

fication. Each layer is a bed or stratum. Sedimentary beds as deposited he

flat or nearly flat.

Shale. flne
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Slate. earth

property of splitting smoothly into thin plates. The cleavage ia smoother and
more regular than the splitting of schist along its grain.

Stratigraphy. The branch of geologic science that deals with the order and rela-

tions of the strata of the earth's crust.

Strike earth
surface if that surface were level. The outcrop (which see) of a bed on a plain

is coincident with its strike.

Structure. In geology the forms assumed by sedimentary beds and igneous rocks

that have been moved from their original position by forces within the earth or

the forms taken by intrusive masses of igneous rock in connection with effects

produced mechanically on neighboring rocks by the intrusion. Folds (anticlines

and synclines) and faults are the principal mechanical effects considered under
Btructiure. Schistosity and cleavage are also structural features.

Syiicline- An inverted arch of bedded or layered rock suggestive inform of a canoe.
(Seefig. 28, p. 129.)'

Talus (pronounced tay^us). The mass of loose rock fragments that accumulates at

the baae of a cliff or steep slope. (See PI. XXII, B, p. 166.)

Terrace- A steplike bench on a hillside. Most terraces along rivers are remnants
of valley bottoms formed when the stream flowed at higher levels. Other ter-

races have been formed by waves. Some terraces have been cut in solid rock,
others have been built up of sand and gravel, and still others have been partly
cut and partly built up. (See PI. XX, p. 142.)

TiU. The deposit of mingled bowlders, rock fragments, and soil left behind by a
melting glacier or deposited about its margin.

-Tuff. A rock consisting of a layer or layers of lava particles blown from a volcano.
A fine tuff is often called volcanic ash and a coarse tuff is called breccia.

Type locality. The place at which a formation is typically displayed and from
which it is named; also the place at which a fossil or other geologic feature is

displayed in typical form.

TTnconformity. A break in the regular succession of sedimentary rocks, indicated

have a distinctly

^te that the bee

surface

imconformity

and beds
washed away before the land again became submerged and the first bed above
the surface of unconformity was deposited. If beds of rock may be regarded aa
leaves in the volume of geologic history, an unconformity marks a gap in the
record.

r

Vein. A masa of mineral material that has been deposited in or along a JSssure in
the rocks. A vein differs from a dike in that the vein material was introduced
gradiially by deposition from solution whereas a dike was intruded in a molten
condition.

Volcaiiic bomb. A rounded mass of lava thrown out while in a hot and paaty con-
dition from a volcano. A bomb, like a raindrop, is rounded in its passage through
the an: and may be covered with a cracked crust due to quick cooling.

Volcanic cone. A mountain or hill, usually of characteristic conical form, built up
around a volcanic vent. The more nearly perfect cones are composed princi-
pally of lava fragments and volcanic ashes.

Volcanic gla^s. Lava that has cooled and solidified before it has had time to ct\^
talliza.



GLOSSARY OF GEOLOGIC TERMS. 203

Volcanic formerly

"WTien the tuffs and lava flows that make up most of a volcano have been washed

away by erosion the neck may remain as an isolated hill.

rocks din

lavas, tuffs, volcanic ashes, and like material.

Weathering. The group of processes, such as the chemical action of air and rain

hang'

cLiingi

and finally crumble into soil.

-";^
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ILLUSTRATIONS.

ROUTE MAP.

For the convenience of the traveler the sheets of the route map are so folded and placed that he can

unfold them one "by one and keep each one in view while lie is reading the test relating to it. A reference

in parentheses is given in the text at each point where a new sheet should be unfolded.
Page.

Sheet 1. St. Paul to Cable, Minn 20

2, St. Cloud to Verndale, Minn, (-mtli map of Cuyuna iron range) 26

3- Wadena to Hawley, Minn, (with map of western and Superior ice

sheets of Minnesota)

4. Hawley, Minn., to BiiffalOj N. Dak. (with map of glacial Lake

Agassiz)

5. Tower City to Berner, N. Dak. (with map showing moraines formed

32

40

by the ice sheet that crossed North Dakota in Wisconsin time) 44
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